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ro 

THE    THIRD    EDITION, 


IN  the  present  edition  a  description  of  the  method  of  deter- 
mining the  quantity  of  naphthalene  in  gas  has  been  added, 
and  the  chapter  on  Calorimetry  has  been  extended  by  the 
inclusion  of  the  method  of  determining  the  heating  value  of 
gas  by  means  of  the  Referees'  Calorimeter. 

In  the  Appendix,  the  latest  Referees'  instructions  as  to  the 
methods  of  testing  for  impurities  have  been  substituted  for 
the  former  instructions,  which  are  now  obsolete. 
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PREFACE. 


THE  object  of  this  volume,  as  its  title  implies,  is  to  describe 
the  various  analytical  operations  which  are  required  in  Gas- 
works. 

In  order  to  make  it  useful  to  those  who  may  not  have  the 
opportunity  of  access  to  other  works  on  analysis,  the  general 
operations  incidental  to  the  carrying  out  of  analytical 
operations  are  described  in  detail,  and  further,  as  a  means 
of  assisting  those  who  are  dependent  on  self  study,  the 
methods  of  analysing  certain  substances  obtainable  in  a 
perfectly  pure  state,  and  consequently  having  an  established 
composition,  arc  minutely  described  ;  these  examples  are 
chosen,  as  being  typical  of  the  more  commonly  occurring 
analyses  required  in  Gasworks,  as  they  involve  the  same 
methods  of  manipulation.  By  comparing  the  results  obtained 
in  the  analysis  of  these  simple  substances  with  the  figures 
demanded  by  theory,  the  operator  can  satisfy  himself  as  to 
his  competency  to  perform  the  same  operations  when  the}'' 
occur  in  the  estimations  required  in  his  daily  work. 

For  example,  the  analysis  of  barium  chloride  serves  as 
a  type  of  the  methods  of  manipulation  necessary  in  the 
determination  of  sulphur  in  coal,  coke,  and  gas,  and  in 
ascertaining  the  accuracy  of  the  solutions  employed  in  the 
Referees'  Ammonia  Test,  &c. ;  the  estimation  of  calcium  serves 
as  a  type  of  the  analysis  of  lime ;  and  so  on. 

The  subject  matter  has  been  arranged  as  follows  : — 

Part  I.  treats  of  various  preliminary  operations  necessary 
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in  quantitative  work,  such  as  the  use  of  the  balance,  the  pre- 
paration of  substances  for  analysis,  the  ordinary  operations 
employed  in  analysis,  &c. 

Part  II.  describes  the  method  of  estimating  gravimetri- 
cally  certain  pure  substances  which  are  typical  of  the  more 
commonly  occurring  analyses  required  in  Gasworks. 

Part  III.  gives  an  account  of  various  operations  con- 
nected with  volumetric  analysis,  a  description  of  the  vessels 
employed  for  measuring  liquids,  and  the  method  of  calibrating 
the  same ;  some  simple  volumetric  processes  applicable  to  gas 
testing  being  afterwards  described. 

Part  IV.  describes  the  more  complex  determinations 
required  in  Gasworks,  some  being  gravimetric,  others  volu- 
metric, while  isome  embrace  both  methods.  These  include 
complete  analysis  of  coal,  fresh  and  spent  purifying  material, 
(lime,  oxide  of  iron  and  Wei  don  Mud),  ammouiacal  liquor, 
sulphate  of  ammonia,  fire  bricks  and  clay,  tur,  crude  gas  for 
C02,  SH2  and  NH3,  and  puiified  gas  for  NH3  and  sulphur 
compounds. 

Part  V.  treats  of  technical  gas  analysis,  analysis  of  coal 
gas,  furnace  gHses,  calorimetry,  &c. 

In  the  Appendix  a  variety  of  tables  of  use  in  gas  testing 
will  be  f  und. 

In  a  book  of  this  description  there  is  not  much  scope 
for  originality,  and  my  woik  has  principally  consisted  in 
collecting  together,  undai  ranging  in  a  convenient  and  easily 
accessible  form,  the  scattered  literature  dealing  with  the 
various  subjects  treated  on,  and  in  explaining  by  means  of 
numerous  practical  examples  the  chemical  reactions  and 
calculations  npon  which  the  various  tests  depend. 

I  am  greatly  indebted  to  the  excellent  text-book  on 
*  Quantitative  Analysis '  by  Prof.  Clowes  and  Mr.  Coleman, 
which  is  published  by  Messrs.  J.  &  A.  Churchill.  Many  of 
the  engravings  and  descriptions  of  analytical  methods  and 
processes  have  been,  by  permission,  copied  from  that  treatise. 
Reference  may  with  advantage  be  made  to  Messrs.  Clowes 


PREFACE.  Yll 

and  Coleman's  work  for  additional  methods,  as  well  as  for 
fuller  details  concerning  many  of  the  processes  included  in 
my  text. 

I  have  also  derived  considerable  assistance  from  the 
treatise  on  '  Quantitative  Analysis '  by  Prof.  Thorpe,  pub- 
lished by  Messrs.  Longmaus  &  Co.  This  is  also  well  suited 
for  general  reference.  The  description  of  Hempel's  Gas 
Apparatus  and  its  applications  is  taken,  by  permission  of 
Messrs.  Macmillan  &  Co.,  from  Hempel's  '  Gas  Analysis,' 
translated  by  Dennis.  The  last  mentioned  work  should  be 
consulted  for  fuller  details,  and  for  a  description  of  Gas 
Analysis  generally. 

In  addition  to  the  above,  the  following  works,  which  have 
also  been  consulted,  will  give  further  information  on  some 
of  the  subjects  treated  on  : — 

Sutton's  *  Volumetric  Analysis.' 

Allen's  '  Organic  Analysis.' 

Streatfield's  « Organic  Chemistry.' 

Cohen's  *  Organic  Chemistry.' 

Arnold's  'Ammonia  and  Ammonium  Compounds.' 

Lunge's  '  Tar  and  Ammonia  Distillation.' 

Hartley's  *  Ammonia  Liquor  Tests.' 

Winkler  and  Lunge's  '  Technical  Gas  Analysis.' 

Lunge  and  Hurter's  '  Alkali  Maker's  Pocket  Book.' 

'  The  Journal  of  the  Society  of  Chemical  Industry.' 

*  The  Journal  of  Gaslighting.' 

J.H. 

GASWORKS,  BECKTON:  July  1893. 
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PAET  I. 

SECTION    I. 

INTKODTJCTOBY — THE  BALANCE — WEIGHTS   AND  WEIGHING. 

THE  chemical  work  of  a  gasworks  laboratory  chiefly  con- 
sists in  the  quantitative  determination  of  various  su  hstances 
whose  composition  is  already  known.  The  gas  engineer  is 
therefore  principally  concerned  with  «« quantitative  "  analysis. 

By  "quantitative"  analysis  is  meant  that  branch  of 
practical  chemistry  which  treats  of  the  methods  by  which 
are  determined  the  relative  amounts  of  the  constituents  of 
a  body,  "  qualitative  "  analysis  simply  informing  us  of  the 
nature  of  the  constituents,  and  how  they  may  be  separated. 

The  methods  of  quantitative  analysis  are  divided  into 
two  branches,  gravimetric  and  volumetric  analysis. 

By  gravimetric  analysis  is  meant  the  estimation  of  a 
substance  by  converting  its  known  constituents  into  forms 
or  combinations  which  admit  of  the  most  exact  determination 
of  their  weight,  and  of  which  the  composition  is  already 
accurately  known. 

By  volumetric  analysis  is  meant  the  method  of  deter- 
mining the  quantity  of  a  substance  (in  solution)  by  the  use 
of  a  measured  volume  of  a  reagent  of  known  strength. 

B 
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Balance. 

.  The  first  essential  for  the  correct  performance  of 
gravimetric  analyses  is  the  balance,  which  for  careful 
quantitative  work  should  turn  easily  and  quickly,  without 
too  much  oscillation,  to  -^  of  a  milligram,  or  Tfa  or  -^  of 
a  grain,  when  50  or  60  grams,  or  1000  grains,  are  placed  on 
each  scale-pan. 

Fig.  1  shows  one  of  the  forms  of  this  instrument.  It 
consists  of  a  perforated  brass  beam,  suspended  at  the  centre 
on  a  triangular  piece  of  hardened  steel  or  agate  termed  a 
"  knife-edge,"  which  oscillates  on  a  polished  plate  of  agate, 
fixed  on  a  brass  support.  At  each  end  of  this  beam,  is  fixed 
a  similar  knife-edge  of  steel  or  agate,  on  which  rest  two 
agate  plates,  imbedded  in  brass  settings.  From  each  of 
these  a  hook  depends,  to  which  the  pans  are  attached  by 
light  wires  or  thin  straps.  Figs.  2  and  3  give  enlarged 
views  of  these  terminal  knife-edges  and  planes.  When  the 
instrument  is  not  in  use,  the  beam  rests  upon  a  frame 
connected  with  a  rod  which  descends  through  the  pillar  of 
the  balance,  and  which  can  be  raised  or  lowered  by  an 
eccentric.  The  same  movement  also  lifts  up  the  plates 
connected  with  the  pans,  so  that  the  knife-edges  and  agate 
planes  are  only  in  contact  when  the  balance  is  oscillating. 
A  second  eccentric,  connected  with  two  bent  levers,  raises  or 
depresses  a  support  under  each  of  the  pans,  so  that  they  may 
be  kept  stationary  whilst  their  load  is  being  placed  on  them, 
or  their  vibrations  arrested  before  the  beam  is  lowered  down 
on  the  centre  plate.  In  some  balances,  all  these  movements 
are  so  connected  that  a  single  turn  of  the  eccentric  first 
rapidly  releases  the  supports  of  the  pans,  then  gently  lowers 
the  beam  upon  the  centre  knife-edge,  and  finally  drops  the 
pan  suspensions  upon  the  terminal  knife-edges.  By  these 
arrangements  the  durability  of  the  instrument  is  greatly 
increased. 

To  the  beam  is  attached  a  long  pointer,  moving  in  front 
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of  a  graduated  ivory  scale  fixsd  to  the  pillar  of  the  balance. 
This  renders  visible  the  slightest  oscillations  of  the  beam. 


So  long  as  the  instrument  is  in  equilibrium,  the  pointer 
hangs  perfectly  vertical,  and  opposite  to  the  centre  (zero) 
point  of  the  scale,  or  it  oscillates  over  an  equal  number  of 

B  2 


THE  GAS  ENGINEER'S  LABORATORY  HANDBOOK. 


divisions  on  each  side.  The  least  preponderance  on  one  side 
is  indicated  by  a  permanent  deflection  of  the  pointer  from 
the  zero,  or  by  its  vibrating  through  an  unequal  number  of 
divisions  on  either  side  of  the  zero  point.  Tf  from  any  cause 
the  instrument  itself  is  not  in  equilibrium,  it  may  be 
adjusted  by  means  of  a  little  movable  vane  fixed  on  the  top 
of  the  beam,  by  moving  which,  either  to  the  right  or  to  the 
left,  the  preponderance  may  be  counterpoised.  In  some 
balances,  in  which  the  pans  are  suspended  by  a  simpler 
method,  this  adjustment  is  effected  by  means  of  a  little 
milled-head  screw  travelling  along  a  thread,  Fig.  3. 


Fio.  2. 


FIG.  3. 


The  accuracy  of  the  balance  depends  (1)  upon  the  equality 
of  its  arms,  (2)  upon  the  position  of  the  point  of  support  in 
relation  to  the  centre  of  gravity  of  the  instrument,  from 
which  also  follows  (3)  that  the  points  of  suspension  and 
support  must  be  in  the  same  plane,  and  (4)  that  the  beam 
must  be  perfectly  rigid. 

The  sensibility  of  the  instrument  depends  (1)  upon  the 
freedom  from  friction  of  the  knife-edges  and  planes,  (2)  upon 
the  near  approximation  of  the  centre  of  gravity  of  the 
instrument  to  its  point  of  support,  and  (3)  upon  the  lightness 
of  its  beam.  The  relation  of  the  centre  of  gravity  to  the 
point  of  support  is,  of  course,  adjusted  as  accurately  as  possible 
by  the  balance-maker,  but  by  means  of  a  small  weight 
(termed  a  gravity  bob)  working  on  a  threadj  it  way  be 
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altered  at  pleasure,  and  tlie  stability  of  the  balance  thus 
regulated. 

On  account  of  the  injurious  effects  of  acid  fumes  and 
moisture,  which  rapidly  impair  the  delicacy  of  a  balance, 
the  instrument  is  enclosed  in  a  wooden  case,  having  counter- 
balanced sliding  glass  sashes  at  the  front  and  back.  The 
case  stops  the  entrance  of  dust,  diminishes  the  rusting  of  the 
knife-edges,  and  prevents  air-currents  from  acting  upon  the 
scale-pans  during  the  process  of  weighing.  The  balance- 
case  is  supported  on  levelling  screws,  by  which  it  can  be 
adjusted  to  a  perfectly  horizontal  position  by  means  of  a 
spirit-level. 

The  balance,  if  possible,  should  be  kept  from  acid  fumes, 
and,  as  a  further  precaution,  a  shallow  vessel  containing 
dried  carbonate  of  potash  or  quicklime  should  be  placed  in 
the  balance-case,  being  renewed  when  it  becomes  deli- 
quescent by  the  absorption  of  moisture  from  the  air.  It  is 
further  necessary  that  the  balance  should  be  placed  in  a 
position  free  from  extremes  of  temperature,  and  its  support 
should  be  quite  free  from  vibration. 

The  Weights. 

2.  The  weights  generally  employed  in  chemistry  are 
those  of  the  French  or  metric  system,  of  which  the  gram  is 
the  unit ;  in  the  chemical  operations  incidental  to  gasworks, 
however,  it  is  often  necessary  to  use  weights  based  on  the 
English  grain. 

The  metric  system  is  in  every  respect  the  most  con- 
venient, for  the  following  reasons : — (1)  that  the  unit  is 
extremely  small;  (2)  that  the  different  denominations  in 
weight  being  related  by  multiples  and  submultiples  of  ten, 
they  fit  in  with  the  system  of  numerical  notation  in  general 
use,  and  consequently  make  chemical  calculations  more  simple, 
and  (3)  that  it  bears  a  very  simple  relation  to  the  measures 
of  capacity  and  length. 
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For  general  use  a  set  of  weights  ranging  from  50  grams 
to  a  milligram  on  the  metric  system,  and  from  1000  grains 
to  -j^  grain  on  the  grain  system,  will  be  found  convenient. 
They  are  generally  preserved  in  a  box,  Fig.  4,  the  larger 
weights  being  placed  in  receptacles  lined  with  velvet  to  pre- 
vent their  being  scratched,  the  smaller  ones  being  also  kept  in 
separate  compartments,  covered  by  a  plate  of  glass.  The 
box  is  provided  with  a  pair  of  small  forceps  with  which  the 
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weights  are  always  to  be  lifted,  never  on  any  account  being 
touched  by  the  fingers. 

The  gram  weights  down  to  one  grain,  and  the  grain 
weights  down  to  ten  grains,  are  generally  made  of  brass, 
cylindrical  in  shape,  and  provided  with  handles  for  lifting 
by  the  forceps.  The  lower  weights  in  both  systems  are 
usually  made  of  platinum  or  aluminium  foil,  one  corner  of 
each  being  turned  up  for  holding  in  the  forceps. 

3.  Accompanying  the  weights  are  the  riders.     The  rider 
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is  a  piece  of  fine  wire  bent  as  in  Fig.  5.  It  is  generally 
made  either  of  gilt  brass  or  of  aluminium  wire,  and  by  reason 
of  its  form  it  is  capable  of  "  sitting  "  across  the  balance,  and 
remaining  on  whatever  part  of  the  beam  it  may  be  placed. 
The  object  of  the  rider  is  to  weigh  the  lowest  fractions,  such 
as  milligrams  and  tenths  of  a  milligram,  and  hundredths 
and  thousandths  of  a  grain.  The  rider  in  the  metric 
system  weighs  one  centigram,  and  in  the  grain 
system  a  tenth  of  a  grain.  The  arm  of  the  beam  of 
the  balance,  from  the  centre  to  the  terminal  edge,  is 
divided  into  ten  equal  parts,  and  each  of  these  is 
(generally)  further  subdivided  into  five  equal  parts. 
The  centigram  rider,  when  placed  just  above  the  ter- 
minal knife-edge  of  the  beam,  weighs  its  normal  weight  of  one 
centigram,  or  10  milligrams  ;  when  placed  on  a  point  on  the 
arm  exactly  in  the  middle  of  the  two  knife-edges  it  exerts 
only  half  this  effect,  that  is  to  say,  it  is  now  equal  to  5 
milligrams ;  when  placed  at  a  fourth  of  the  distance  from  the 
centre  knife-edge  it  is  equal  to  2 '5  milligrams;  at  three- 
quarters  the  distance  7  •  5  milligrams,  and  so  on.  The  rider 
is  moved  from  one  division  to  another  by  means  of  an  arm 
passing  through  the  balance-case,  and  operated  from  the 
outside. 

Testing  the  Balance  and  Weights. 

4.  Before  commencing  a  course  of  quantitative  work,  it  is 
necessary  to  test  the  accuracy  of  the  balance,  which  may  be 
done  by  means  of  the  following  experiments : — 

(a)  The  floor  of  the  balance  is  first  of  all  brought  to  the 
horizontal  position,  by  the  aid  of  the  levelling  screws  and 
spirit-level ;  it  is  then  accurately  adjusted,  if  necessary,  either 
by  the  regulating  screws,  or  by  means  of  pieces  of  tin  foil, 
and  a  milligram  weight  placed  in  one  of  the  scale-pans.  A 
balance  adapted  for  every-day  work  should  turn  very  dis- 
tinctly with  this  weight,  whilst  one  adapted  for  delicate 
determinations  should  indicate  the  ^  of  a  milligram  with 
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distinctness.  It  may  be  here  pointed  out,  that  the  mere  fact 
of  the  index  needle  pointing  to  zero  on  the  scale,  is  not 
sufficient  to  prove  that  the  balance  is  in  equilibrium.  The 
better  plan  is  to  observe  the  oscillations  of  the  pointer,  which 
can,  if  necessary,  be  caused  to  vibrate  by  moving  the  hand 
near  one  of  the  scale-pans,  so  as  to  create  a  slight  current  of 
air.  The  pointer  should  then  traverse  very  nearly  the  same 
space  on  each  side  of  the  zero  mark,  travelling  a  lesser  dis- 
tance with  each  oscillation,  and  finally  stop  at  the  zero  point. 
(6)  Both  scale-pans  are  loaded  with  the  maximum  weight 
the  balance  is  constructed  to  carry.  The  instrument  is  then 
accurately  adjusted,  and  a  milligram  added  to  the  weight  in 
one  of  the  scale-pans.  This  should  cause  the  balance  to 
oscillate  to  about  the  same  extent  as  in  (a),  but  in  the  majority 
of  cases  it  is  somewhat  less. 

(c)  The  balance  is  accurately  adjusted  (in  the  event  of  it 
being  necessary  to  bring  the  scale-pans  into  equilibrium  by 
adding  tin  foil  to  one  of  them,  this  tin  foil  must  be  left  on 
the  scale-pan  during  the  experiment) ;  both  pans  are  then 
equally  loaded  with,  say,  50  grams  each,  the  balance,  if  neces- 
sary, being  again  adjusted  (by  adding  small  weights) ;  the 
load  on  the  two  pans  is  then  reversed,  so  as  to  transfer  that 
of  the  right-hand  pan  to  the  left-hand,  and  vice  versa.     If  the 
balance  has   perfectly  equal    arms   it    should  maintain  its 
absolute  equilibrium. 

(d)  The  balance  is  again  accurately  adjusted ;  it  is  then 
arrested,  and    afterwards    set   in    motion   again,  the   same 
operation   being   repeated  several  times.      A   good  balance 
should    always    resume    its    original    equilibrium;    faulty 
construction    of  the   knife-edges  will   cause   differences  to 
appear. 

(e)  The  speed  of  oscillation  of  the  index  pointer  should  be 
observed,  for  the  slower  the  needle  oscillates,  the  greater  is 
the  sensitiveness  of  the  balance  to  small  differences  of  weight, 
and  vice  versa.    It  should  not  oscillate  too  slowly  however, 
or  it  will  cause  the  process  of  weighing  to  become  wearisome. 
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The  oscillations  are  slower  the  nearer  the  centre  of  gravity  of 
the  beam  approaches  the  axis  of  its  suspension. 

5.  The  weights  should  be  tested  in  the  following  manner 
to  see  if  they  agree  among  themselves. 

One  pan  of  the  balance  is  loaded  with  a  1-gram  weight, 
and  then  counterbalanced  with  small  pieces  of  brass,  and, 
finally,  lin  foil.  The  weight  is  then  removed,  and  replaced 
by  another  1-gram  weight,  any  difference  being  noted ;  the 
remaining  gram  weight  is  then  treated  in  the  same  manner. 
The  2-gram  weight  is  then  weighed  against  two  single 
1-gram  weights,  the  5-gram  weight  against  three  single 
gram  weights,  and  the  2-gram  weight,  and  so  on.  In  com- 
paring the  smaller  weights  among  themselves  in  this  manner, 
they  should  not  show  the  least  difference  on  a  balance  turn- 
ing with  i^  milligram. 

The  Process  of  Weighing. 

6.  There  are  two  methods  for  determining  the  weight  of 
a  substance — the  direct  method,  and  the  method  of  substitu- 
tion. 

When  weighing  a  substance  by  the  direct  method,  the 
substance  is  placed  upon  one  scale-pan,  preferably  the  left, 
and  the  weight  required  to  counterpoise  it  upon  the  other. 
Owing  to  this  method  being  the  more  expeditious  of  the  two, 
it  is  the  one  commonly  employed.  If,  however,  the  balance 
is  not  in  perfect  equilibrium,  or  the  arms  of  the  beam  are  of 
unequal  length,  the  true  weight  is  not  obtained  by  this 
method.  This  is  of  no  consequence  in  ordinary  analytical 
operations,  since,  in  any  one  series  of  weighings,  it  is  the 
relative  weights  only  of  the  different  substances  which  are 
commonly  required,  and  these  will  be  correctly  obtained, 
provided  the  different  substances  be  placed  always  upon  the 
same  scale-pan,  and  the  condition  of  the  balance  does  not 
undergo  any  alteration  between  the  successive  weighings  of 
the  series. 
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7.  In  the  process  of  weighing  by  substitution,  both  the 
relative  and  absolute  weights  of  substances  are  obtained.     In 
this  method,  the  substance  is  counterpoised  by  weights  in  the 
usual  way ;  it  is  then  removed  from  the  scale-pan,  weights 
being  substituted  in  its  place  exactly  balancing  those  already 
placed  in  the  opposite  scale-pan.     The  weights  substituted 
for  the  substance  will  then  represent  the  true  weight  of  the 
substance.     Operating  in  this  way,  it  would  not  make  any 
difference  if  the  arms  of  the  balance  were  not  of  equal  length, 
or  if  the  equilibrium  of  the  instrument  had  not  previously 
been  adjusted. 

8.  The  volume  of  the  body  weighed  is  almost  invariably 
different  from  that   of  the  weights  which  counterpoise  it, 
consequently  different  volumes  of  air  are  displaced  by  the 
substance  and  the  weight ;  it  follows  from  this,  that  a  body 
when   counterpoised    by  weights  in  air  would  not   be  in 
equilibrium  with  the  same  weights  in  vacuo.     The  magnitude 
of  the  error  from  this  cause  is  proportional  to  the  difference 
between  the  volume  of  the  weights  and  of  the  body  weighed. 
If  the  volume  of  the  body  is  greater  than  that  of  the  weight, 
its  weight,  as  indicated  by  the  balance,  is  too  small ;  and  con- 
versely, when  the  volume  is  less  than  that  of  the  weights, 
the  indicated  weight  is  too  great.     In  the  generality  of  cases 
the  error  thus  introduced  is  too  small  to  be  taken  cognizance 
of,  but  in  excessively  accurate  determinations  it  is  necessary 
to  take  it  into  account.     The  absolute  weight  of  a  substance 
in  vacuo  can  be  obtained,  if  necessary,  as  follows.    The  weight 
of  the  volume  of  air  displaced  by  the  weights,  is  subtracted 
from  the   weight  of   the  volume  of    air  displaced  by  the 
substance,  and  the  weight   thus    obtained  is  added  to  the 
weight  on  the  scale-pan. 

Directions  for  Weighing. 

9.  The  following  directions  describe  the  method  of  con- 
ducting the  operation  of  weighing. 
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In  the  first  place,  see  that  the  scale-pans  and  floor  of  the 
balance-case  are  quite  clean,  and  free  from  dust. 

Next,  see  that  the  rider  hangs  upon  the  projecting  arm 
of  the  brass  rod,  and  not  upon  the  beam  of  the  balance. 

Then  see  if  the  instrument  is  in  equilibrium,  by  gently 
lowering  the  supports,  and  setting  the  beam  swinging.  If  the 
beam  does  not  commence  to  oscillate  on  being  released,  start 
it,  by  gently  waving  the  hand  over  one  of  the  scale-pans ; 
the  pointer  should  then  oscillate  through  equal  spaces  on 
each  side  of  the  zero  of  the  scale;  if  this  is  not  the  case, 
bring  it  into  equilibrium  by  moving  the  brass 
vane,  or  altering  the  terminal  screws.  If,  how- 
ever, it  is  simply  required  to  obtain  the  weight 
of  a  body  by  difference,  this  adjustment  is  not 
necessary.  Thus,  supposing,  for  instance,  we  wish 
to  weigh  out  a  certain  quantity  of  powdered  coal 
for  analysis.  It  may  be  put  into  a  weighing 


bottle,  Fig.  6,  and  the  weight  of  bottle  and  coal       FlQ  g 
together  determined.     About  as  much  of  the  coal 
as  is  required  (say  1  gram)  is  then  emptied  out  and  the 
bottle  again  weighed ;  the  difference  between  the  first  and 
second  weighings  gives  the  weight  of  coal  taken. 

The  substance  whose  weight  is  required,  should  invari- 
ably be  placed  on  the  left-hand  scale-pan,  the  weights  being 
placed  by  the  forceps  on  the  right-hand  pan.  The  weights 
should  be  placed  on  the  pan  in  a  systematic  manner,  and 
not  taken  at  random  from  the  box.  The  better  plan  is  to 
start  with  a  weight  which  is  a  little  too  heavy,  and  then  to 
try  the  effect  of  lower  weights  of  the  same  denomination,  in 
succession,  until  the  balance  assumes  a  state  of  equilibrium, 

tor  the  weights  are  a  little  too  small ;  in  the  latter  case,  the 
weights  of  the  next  lower  denomination  should  be  tried  in 
the  same  way.  For  example,  supposing  we  wish  to  deter- 
mine the  weight  of  a  platinum  crucible,  which  was  ulti- 
mately found  to  weigh  16*715  grams.  We  place  on  the 
weight  pan  the  10-gram  weight  and  release  the  beam,  this 
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proves  too  little  ;  we  then  add  another  10-gram  weight,  this 
proves  too  much ;  we  substitute  the  5-gram  weight  for  the 
10-gram,  the  weight  is  again  too  little;  we  add  the  2-gram 
weight,  this  is  again  too  much ;  we  substitute  one  of  the 
1-gram  pieces  for  the  2-gram  piece,  the  weight  is  too  little ; 
we  add  the  0*5  gram,  still  too  little;  also  the  0'2  gram, 
still  too  little,  although  it  will  now  be  noticed  that  the  rate 
of  the  vibration  of  the  beam  becomes  much  slower,  indicat- 
ing that  the  balance  is  rapidly  approaching  equilibrium. 
We  have  found  that  16*7  grams  is  not  quite  sufficient  to 
balance  the  crucible,  we  therefore  add  0  •  1  gram,  too  much 
(the  pointer  swings  with  increased  energy  in  the  opposite 
direction);  we  substitute  0*05  for  the  0*1  gram,  still  too 
much ;  we  then  try  the  0  •  02,  the  pointer  now  vibrates  much 
more  slowly,  but  still  indicates  that  the  weight  is  too  great ; 
we  substitute  O'Ol  for  the  0*02  gram,  the  pointer  swings 
with  the  same  slowness,  but  shows  an  equal  deflection  to 
the  opposite  side  of  the  zero;  we  add  0'005  gram,  the 
pointer  now  makes  excursions  of  equal  amplitude,  that  is,  the 
balance  is  in  equilibrium. 

The  position  of  the  pointer  at  the  end  of  the  vibrations, 
should  be  read  off  several  times  in  succession,  in  order  to 
make  sure  that  the  balance  is  in  equilibrium ;  the  beam  is 
then  arrested,  and  the  aggregate  value  of  the  weights 
needed  determined,  both  from  the  vacant  spaces  in  the  box, 
and  from  the  denominations  marked  on  the  weights  them- 
selves. This  method  of  double  reading  should  always  be 
employed,  so  as  to  prevent  false  entries. 

It  should  be  particularly  noted,  that  whenever  an  ex- 
change of  weights  is  necessary,  the  motion  of  the  beam  must 
be  arrested.  Under  no  circumstances  must  anything  be 
added  to,  or  taken  away  from  the  pans  when  the  balance  is 
in  motion.  By  not  attending  to  this  precaution,  the  knife- 
edges  would  soon  become  worn,  and  the  balance  would 
consequently  be  inaccurate.  The  balance-case  should  be 
closed  while  the  rider  is  being  used,  and  the  final  observa- 
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tion  of  equilibrium  must  be  always  conducted  in  the  closed 
case. 

In  weighing  out  substances  for  analysis,  they  should  not 
be  placed  direct  on  the  scale-pan,  but  weighed  in  vessels  of 
glass,  porcelain,  or  platinum.  Powders  may  be  weighed  out 
from  a  stoppered  weighing  bottle,  the  difference  in  weight 
between  the  first  and  second  weighings  representing  the 
amount  of  powder  weighed  out.  Hygroscopic  substances 
may  be  weighed  in  watch-glasses  with  ground  edges,  and 
held  together  by  a  brass  clip.  Hygroscopic,  efflorescent  and 
volatile  substances — in  fact,  all  substances  which  gain  or 
lose  weight  on  exposure  to  air,  should  be  weighed  in  closed 
vessels. 

A  substance  should  never  be  weighed  when  warm.  By 
placing  a  warm  object  on  the  balance-pan,  the  indications 
of  the  instrument  are  greatly  affected.  The  ascending  air 
current  produced  by  the  heat  of  the  warm  substance,  acts 
against  the  pan  containing  the  substance,  and  also  against 
the  beam  above  it,  and  the  substance  appears  to  weigh  less 
than  it  ought  to  weigh.  The  warm  air,  after  a  time,  also 
affects  the  portion  of  the  beam  against  which  it  impinges, 
and  by  increasing  its  length  disturbs  the  equality  in  the 
arms.  Further,  all  substances  condense  upon  their  surface 
a  certain  amount  of  air  and  moisture,  the  weight  of  which 
depends  upon  the  temperature  :  this  also  is  an  error  in  the 
same  direction,  and  causes  a  body  when  warm  to  weigh  less 
than  when  cold. 

Apart  from  the  question  of  temperature,  a  vessel,  say 
a  platinum  crucible,  when  rubbed  with  a  dry  cloth  and 
weighed  immediately  afterwards,  always  weighs  sensibly 
less  than  after  half-an-hour's  exposure  to  the  air  of  the 
balance-case,  owing  to  the  condensation  of  the  air,  with  its 
accompanying  aqueous  vapour,  upon  its  surface.  It  is  ad- 
visable, therefore,  to  allow  the  crucible,  if  newly  wiped,  tr 
remain  in  the  balance-case  some  little  time  before  weighing. 
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SECTION  IL 

SAMPLING — MECHANICAL  DIVISION — DRYING  AND  DESICCATION— SOLUTION  AND 
EVAPORATION — PRECIPITATION — FILTRATION  AND  TREATMENT  OF  PRE- 
CIPITATES. 

Sampling. 

10.  The  first  operation  in  the  conduct  of  an  analysis  is 
that  of  sampling,  to  which  too  much  attention  cannot  be 
paid,  as  on  the  sample  being  a  true  representative  of  the 
whole  bulk,  depends  the  value  of  the  analysis.     For  instance, 
in  taking  a  sample  of  oxide  of  iron  from  a  heap,  if  we  were 
to  simply  take  a  sample  from  the  outer  portion,  this  would 
not  give  a  fair  indication  of  the  bulk ;  by  reason  of  that  part 
of  the  heap  being  acted  upon  by  the  atmosphere,  it  would 
probably  be  found  to  be  much  drier  as  compared  with  the 
interior  portion,  and  thus,  at  any  rate  as  far  as  the  amount 
of  moisture  was  concerned,  the  sample  would  not  represent 
the  average  of  the  heap. 

The  proper  mode  of  procedure  in  the  case  above  cited,  is 
to  dig  well  into  the  heap,  and  taking  small  portions  from 
every  part,  mix  these  well  together,  afterwards  selecting 
still  smaller  portions  from  this  for  the  final  sample ;  these 
latter  portions  being  also  turned  over  and  well  mixed.  The 
sample  should  be  immediately  transferred  to  a  tightly 
stoppered  bottle,  and  labelled  with  the  description  and  date 
of  sampling. 

In  sampling  coal  or  cannel,  all  pieces  should  be  broken 
up  into  lumps  not  larger  than  walnuts,  and  well  turned 
over  in  the  manner  just  described. 

Mechanical  Division. 

11.  The  next  operation  is  that  of  mechanical  division. 
In  order  to  prepare  a  substance  for  analysis,  that  is  to  say, 
to  make  it  in  a  suitable  condition  for  the  action  of  solvents, 
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tfeo.,  it  is  generally  necessary  to  have  it  in  a  minute  state  of 
subdivision,  as  this  will  create  abundant  points  of  contact 
for  the  action  of  the  solvent.  Substances  are  obtained  in 
this  fine  state  by  being  pounded  or  triturated.  The  opera- 
tion of  pounding  is  generally  performed  in  mortars,  the 
essential  factor  in  the  operation  being,  that  the  material  of 
which  the  mortar  is  composed,  is  harder  than  the  substance 
it  is  wished  to  reduce  to  powder,  otherwise  the  substance 
may  get  contaminated  with  the  material  composing  the 
mortar.  For  the  ordinary  salts,  and  substances  not  possess- 
ing any  very  considerable  degree  of  hardness,  a  porcelain, 
glass,  or  Wedgwood-ware  mortar  may  be  used,  but  for 
minerals,  and  siliceous  materials  such  as  fire-bricks,  an  agate 
mortar  is  indispensable.  In  pounding  coal,  an  iron  mortar 
will  be  found  useful. 

In  the  operation  of  pulverisation,  as  in  most  others,  much 
time  and  trouble  may  be  saved  by  a  systematic  method  of 
working,  and  an  equally  great  loss  incurred  by  careless 
manipulation.  Some  substances  fall  into  small  fragments 
when  simply  touched  by  the  pestle,  and  are  easily  reduced 
to  fine  powder  by  a  grinding  motion,  while  others  require  a 
great  deal  of  pounding,  and  necessitate  care  in  order  to  avoid 
dispersion  of  the  fragments.  This  may  be  prevented  by 
striking  with  the  pestle  straight  down,  carefully  avoiding 
lateral  blows,  as  such  blows  chiefly  cause  the  particles  to  fly 
about.  After  the  substance  has  been  tolerably  reduced,  it 
is  more  advantageous  to  substitute  a  movement  between 
that  of  a  blow  and  a  grind,  for  the  directly  downward 
motion  of  the  pestle.  This  is  effected  by  grasping  the 
handle  firmly  in  the  hand,  the  striking  portion  of  the  pestle 
pointing  somewhat  inwards,  and  then  striking  downwards, 
drawing  the  pestle  towards  the  operator's  body.  When  by 
this  means  a  certain  degree  of  fineness  has  been  obtained,  it 
is  advisable  to  entirely  substitute  trituration  for  blows,  the 
pestle  then  travelling  in  turn,  over  the  whole  of  the  lower 
portion  of  the  inside  of  the  mortar. 
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Where  the  matter  adheres  to  the  sides  of  the  mortar,  it 
must  be  scraped  down  towards  the  centre  with  a  spatula. 
It  is  necessary  to  have  only  a  moderate  amount  in  the  mortar 
at  one  time,  as  otherwise  the  fragments  are  protected  by 
each  other  from  the  action  of  the  pestle.  The  operation  of 
pounding  may  be  considerably  assisted  by  that  of  sifting. 
For  this  purpose,  the  sets  of  sieves  sold  by  dealers  in  chemi- 
cal apparatus  will  be  found  useful.  The  following  device 
may  also  be  employed  for  the  same  purpose.  A  piece  of 
clean  and  dry  muslin  is  tightly  tied  round  the  top  of  a  small 
beaker.  On  this  is  lightly  poured  some  of  the  powdered 
substance ;  on  gently  tapping  the  muslin  with  a  glass  rod 
a  portion  falls  through,  the  remainder,  which  is  too  large 
for  the  pores  of  the  muslin,  is  returned  to  the  mortar,  and 
again  pounded  until  it  is  likewise  fine  enough  to  pass 
through. 

Impurities  may  be  removed  from  porcelain  and  Wedg- 
wood-ware mortars  by  rubbing  in  them  a  little  sand  saturated 
with  a  strong  acid  or  alkali.  It  is  seldom  that  any  dirt 
is  found  to  resist  the  action  of  nitric  or  sulphuric  acids,  or 
caustic  potash. 

Desiccation. 

12.  Before  an  analysis  can  be  proceeded  with,  it  is 
necessary  that  the  substance  under  examination  is  free  from 
all  unessential  constituents.  The  most  frequent  of  these  is 
moisture,  by  which  is  meant,  the  moisture  in  excess  of  that 
which  is  necessary  to  the  constitution  of  the  body.  In 
drying  a  substance,  therefore,  the  aim  generally  is,  to  get  rid 
of  the  adherent  moisture  without  interfering  with  the  chemi- 
cally combined  water,  or  with  any  other  constituent.  The 
methods  of  effecting  the  operation  in  each  particular  case, 
will  depend  upon  the  temperature  to  which  the  substance  can 
be  exposed  without  being  decomposed.  Substances  con- 
taining water  of  crystallisation  may  frequently  have  their 
adherent  moisture  removed  by  pressing  repeatedly  between 
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folds  of  filter  paper.  Another  easy  but  rather  slow  method 
of  desiccation,  is  to  expose  the  substance  in  a  closed  vessel, 
called  a  "  desiccator,"  over  a  pan  containing  calcic  chloride, 
strong  sulphuric  acid,  or  other  hygroscopic  body.  A  partial 
vacuum  in  the  desiccator  accelerates  the  operation.  Many 
substances  may  be  freed  from  water  at  a  temperature  of 
100°  C.  (212°  F.).  A  thin  layer  of  the  substance  (powdered  if 
solid),  spread  on  a  watch-glass,  is  exposed  to  a  gentle  current 
of  air  in  a  steam-jacketed  oven,  known  as  a  water  oven, 


PIG.  7. 

Fig.  7.  The  apparatus  is  made  of  copper,  and  is  doubly- 
cased  throughout  with  the  exception  of  the  door. 

The  method  of  using  it  is  to  fill  it  to  about  three-fourths 
of  its  height  with  water ;  it  is  then  heated  Toy  means  of  a 
Bunsen  burner,  with  the  effect  that  when  the  water  boils, 
the  upper  part  of  the  hollow  casing  becomes  filled  with  steam, 
and  the  temperature  inside  the  oven  approaches  100°  0. 
A  gentle  current  of  air  at  the  same  time  passes  through  the 
oven.  The  distillation  of  water  may  frequently  be  combined 
with  the  heating  of  water  ovens. 

When  a  temperature  higher  than  100°  0.  is  required  for 
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the  drying  of  a  substance,  an  air  oven  is  employed.  An  air 
oven  is  almost  identical  in  construction  with  a  water  oven, 
the  main  difference  being,  that  heated  air  takes  the  place 
of  boiling  water  and  steam  within  the  jacket.  Since  the 
bottom  of  the  oven  comes  into  direct  contact  with  the  flame, 
it  follows  that  it  is  usually  hotter  than  the  air  in  the  interior, 
consequently  the  substance  must  not  rest  directly  on  the 
bottom.  A  convenient  stand  may  be  made  by  turning  down 
the  wire  ends  of  a  pipe-clay  triangle  at  right  angles  to  the 
plane  of  the  triangle.  A  thermometer  passing  through  a 
cork  in  the  top  of  the  oven  should  be  provided,  so  as  to 
register  the  temperature  of  the  interior.  With  a  little  ex- 
perience any  required  temperature  may  easily  be  obtained 
by  regulating  the  tap  on  the  gas  supply,  and  after  the  heat 
has  once  been  regulated  the  temperature  will  remain  con- 
stant for  several  hours.  Regulators  are  also  sold  by  dealers 
in  chemical  apparatus,  by  attaching  which  the  temperature 
may  be  kept  constant  for  any  length  of  time. 

Many  substances  after  drying  readily  take  up  moisture 
again,  consequently  some  means  must  be  adopted  to  prevent 
them  from  absorbing  moisture  from  the  air  while  cooling, 
or  waiting  to  be  weighed.  Dried  apparatus  also  which  is 
left  for  weighing,  should  be  preserved  from  the  deposition 
of  water  upon  its  surface.  The  usual  method  of  preventing 
the  access  of  atmospheric  moisture  is  to  enclose  them  in  an 
air-tight  vessel,  the  air  in  which  is  kept  dry  by  exposure  to 
a  hygroscopic  substance,  sulphuric  acid  or  calcic  chloride 
being  the  reagent  commonly  used.  One  form  of  this  instru- 
ment is  shown  in  Fig.  8.  It  consists  of  a  broad  glass  jar 
contracted  in  the  middle.  The  upper  portion  contains  the 
substance  to  be  weighed,  the  lower  portion  the  desiccating 
agent. 

A  circular  piece  of  perforated  zinc  forms  a  bottom  to  the 
upper  portion,  and  on  this  a  bent  pipe-clay  triangle  or  other 
support  is  laid.  The  body  to  be  cooled  and  weighed  is 
placed  on  this  support.  The  upper  rim  of  the  desiccator  is 
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ground,  and  a  flat  lid,  also  ground,  fits  truly  on  to  it,  so  that 
when  the  upper  rim  is  lightly  greased  the  flat  lid  fits  air- 
tight. By  this  device,  an  air-tight  chamber  is  obtained,  in 
which  a  body  may  cool  in  dry  air,  and  be  kept  from  contact 
with  moisture  for  an  indefinite  period. 


FIG.  8. 


FIG.  9. 


Solution  of  Solids. 

13.  It  is  usually  necessary  before  analysing  a  solid 
substance  to  have  it  in  a  state  of  solution,  and  in  order  to 
dissolve  it  the  substance  should  be  in  a  fine  state  of  sub- 
division, being  powdered,  if  necessary,  as  described  in  (11). 
If  the  substance  is  soluble  in  water,  a  convenient  method  of 
dissolving  it  is  shown  in  Fig.  9.  The  substance  is  put  into 
a  beaker  containing  distilled  water,  and  the  beaker  is  then 
placed  on  a  piece  of  wire  gauze  on  an  iron  tripod  over  a 
Bunsen  burner.  Should  "  bumping  "  ensue,  the  contents  of 
the  beaker  may  be  stirred  occasionally  with  a  glass  rod.  In 
order  to  guard  against  loss  by  spurting,  the  beaker  is  covered 
with  a  clock-glass. 

o  2 
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If  the  substance  is  likely  to  effervesce  whilst  dissolving, 
as  is  sometimes  the  case,  particularly  on  adding  an  acid  to 
carbonates,  the  following  methods  may  be  employed : — (1) 
The  substance  is  placed  in  a  conical  flask,  the  solvent  being 
added  through  a  small  funnel  which  is  left  in  the  mouth  of 
the  flask,  closing  it  during  the  process  of  solution ;  by  this 
arrangement  loss  by  spurting  is  prevented,  but  free  passage 
of  the  gas  given  off  is  allowed.  (2)  Another  method  is  to  place 
the  substance  in  a  round  flask  inclined  at  an  angle  of  about 
45°.  In  this  case  also  loss  by  spurting  is  prevented,  as  the 
drops  thrown  up  during  effervescence  will  be  prevented 
from  escaping  by  striking  the  inside  of  the  flask,  at  the 
same  time  the  gas  will  have  a  free  exit. 

It  is  necessary  to  exercise  care  in  the  selection  of  vessels 
intended  to  be  used  for  purposes  of  solution  or  evaporation, 
so  that  they  will  not  be  acted  upon  by  the  solvent. 

Evaporation. 

14.  The  process  of  evaporation  is  employed  either  to 
concentrate  a  solution,  or  to  drive  off  the  whole  of  the 
liquid  by  the  aid  of  heat.  It  is  usually  conducted  in  basins 
made  of  porcelain,  platinum,  nickel,  or  silver,  although  some- 
times a  beaker  or  crucible  is  employed.  Liquids  are  usually 
evaporated  over  boiling  water  in  vessels  known  as  water- 
baths  ;  the  heating  agent  in  this  case  being  steam.  A  simple 
form  consists  of  a  cylindrical  copper  vessel,  rather  more  than 
half  filled  with  water,  and  heated  by  a  Bunsen  burner.  The 
upper  portion  of  the  vessel  can  be  fitted  with  round  rings  of 
flat  sheet  copper,  the  diameters  of  the  rings  gradually 
diminishing  in  size.  The  top  of  the  vessel  may  thus  be 
made  to  fit  and  support  vessels  of  different  sizes.  A  more 
elaborate  water-bath  is  shown  in  Fig.  10.  The  top  of  this 
arrangement  is  provided  with  holes  of  different  sizes,  so  as  to 
fit  vessels  of  varying  dimensions.  These  holes  when  not 
required  for  use  are  covered  with  lids.  Should  a  vessel 
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employed  for  purposes  of  evaporation  require  to  be  after- 
wards weighed,  it  should  rest  on  a  glass  ring,  and  not  come 
into  direct  contact  with  the  copper  edge  of  the  water-bath  as 
above  described,  as  such  contact  is  likely  to  stain  it.  The 
upper  part  of  a  beaker,  provided  it  is  of  the  proper  diameter, 
makes  a  very  good  support. 

A  broken  or  cracked  beaker  may  easily  be  converted  into 
such  a  support,  by  cutting  round  it  with  a  diamond,  or 
leading  a  crack  round  it  about  an  inch  below  its  upper  edge. 
A  water-bath  of  a  simple  form  may  be  easily  improvised  by 


FIG.  10. 

partially  filling  a  beaker  with  water  and  heating  it  over 
a  Bun  sen  burner.  Should  the  water  in  the  beaker  be  in- 
clined to  bump  while  boiling,  the  bumping  may  be  prevented 
by  placing  a  few  small  pieces  of  paper  into  the  water. 

When  a  higher  temperature  than  100°  C.  is  required  in 
order  to  evaporate  a  liquid,  one  of  the  following  methods 
may  be  employed.  The  vessel  may  be  placed  in  a  sand-bath, 
which  is  simply  a  shallow,  saucer-shaped  vessel  of  thin  sheet 
iron  filled  with  fine  dry  sand,  heated  by  a  Bunsen  burner.  By 
immersing  the  vessel  to  a  depth  of  an  inch  or  so  in  the  sand, 
a  uniform  heat  is  imparted  to  the  bottom  of  the  vessel ;  or 
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the  vessel  may  be  heated  by  direct  contact  with  a  naked 
flame,  the  rose  head  being  placed  on  the  Bunsen  during  the 
operation.  Another  method  is  to  support  the  vessel  on  a 
piece  of  wire  gauze,  or  on  a  sheet-iron  plate.  The  latter 
plan  possesses  the  advantage  that  the  rate  of  evaporation 
may  be  modified  by  moving  the  vessel,  say  a  beaker,  to  a 
greater  or  lesser  distance  from  the  part  of  the  plate  directly 
in  contact  with  the  flame.  Where  effervescence  is  likely  to 
occur,  it  is  advisable  to  use  an  evaporating  dish,  covering 
it  with  a  large  inverted  funnel. 

When  conducting  an  evaporation  it  is  advisable  to  observe 
the  following  precautions : — 

(1)  To  prevent  the  liquid  from  actually  boiling,  or  there 
will  be  a  risk  of  loss  by  spurting. 

(2)  When  conducting  an  evaporation  over  a  naked  flame 
or  sand-bath,  towards  the  end  of  the  operation,  the  vessel 
should,  if  possible,  be  transferred  to  a  water-bath,  as  a  liquid, 
even  when  heated  below  its  boiling  point,  is  likely  to  spurt 
when  it  is  in  a  thick  and  pasty  state,  by  the  separation  of 
solid  matter. 

(3)  Sometimes  it  happens  that  the  liquid  creeps  up  the 
side  of  the  vessel  during  the  process  of  evaporation.     This 
particularly  applies  to  solutions  containing  salts  of  ammonia. 
In  the  event  of  this  occurring,  the  incrustation  forming  near 
the  edge  of  the  vessel  should  be  detached,  and  pushed  down 
by  the  aid  of  a  glass  rod. 

Precipitation. 

15.  The  operation  of  precipitation  is  frequently  made  use 
of  in  quantitative  analysis,  and  is  employed  when  it  is 
required  to  convert  a  substance  in  solution  into  an  insoluble 
form,  in  which  condition  it  may  be  collected  and  weighed. 
The  operation  is  usually  performed  in  glass  beakers,  on 
account  of  the  facility  with  which  the  contents  of  the  same 
may  be  transferred  either  to  the  filter,  or  to  the  vessels  in 
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which  they  are  to  be  weighed.  In  the  event  of  having  to 
deal  with  strongly  alkaline  liquids,  or  where  the  latter  have 
to  be  heated  for  some  time,  porcelain  basins  are  more  suitable. 
Precipitation  is  usually  effected  with  hot  solutions,  and  but 
rarely  in  the  cold.  If  the  solution  is  boiling,  the  beaker 
containing  it  is  covered  with  a  clock-glass,  so  as  to  avoid 
any  loss  by  spurting.  The  separation  of  the  precipitate 
from  the  liquid  in  which  it  is  formed,  is  effected  either  by 
decantation  or  by  nitration,  or  by  a  combination  of  both 
these  processes.  As  a  general  rule,  where  the  liquid  has  to 
be  filtered,  it  will  be  found  advantageous  to  allow  it  to 
stand  at  rest  for  some  hours  after  adding  the  precipitating 
agent,  known  as  the  "  precipitant,"  for  the  reasons  (1)  that 
the  complete  precipitation  of  the  whole  of  the  substance  in 
solution  only  takes  place  after  some  time ;  and  (2)  that  in 
some  cases,  if  the  liquid  is  poured  on  the  filter  immediately 
after  precipitation,  there  is  a  risk  of  its  passing  through 
the  pores  of  the  filter-paper.  Some  precipitates  form  very 
rapidly,  and  being  of  a  flocculent  character  may  be  filtered 
off  at  once.  The  hydrates  of  iron  and  alumina  are  of  this  type. 
In  all  cases  of  precipitation,  the  addition  of  a  large  excess  of 
the  precipitant  should  be  avoided,  as  this  means  increased 
labour  in  washing;  but  the  presence  of  a  slight  excess  is 
necessary,  in  order  to  ensure  the  complete  throwing  down  of 
the  whole  of  the  substance  in  solution.  This  is  easily  as- 
certained, by  adding  a  drop  of  the  precipitant  to  the  solution 
filtered  from  the  precipitate,  which  will  cause  a  further 
precipitation,  if  sufficient  had  not  been  added  in  the  first 
instance. 

Filtration  and  Washing  of  Precipitates. 

16.  A  precipitate  is  separated  from  the  liquid  in  which 
it  has  been  thrown  down,  by  passing  the  solution  through 
a  specially  prepared  filter-paper,  procurable  at  the  dealers 
in  chemical  apparatus.  Filter-papers  of  the  best  quality 
suitable  for  quantitative  work  are  treated  with  hydrochlorine 
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and  hydrofluoric  acid,  and  then  thoroughly  washed,  so  as  to 
extract  the  greater  part  of  the  inorganic  matter;  conse- 
quently when  a  paper  of  this  description  is  burnt,  it  leaves 
nn  almost  inappreciable  amount  of  ash.  Filter-papers  should 
permit  of  rapid  nitration,  but  at  the  same  time  the  pores 
should  be  sufficiently  minute,  to  prevent  the  passage  of  even 
the  most  finely  divided  precipitates.  Swedish  filter-papers 
fulfil  these  conditions  admirably.  The  filter  when  required 
for  use  is  folded  twice  at  right  angles,  Fig.  11,  opened 
out  into  the  form  of  a  cone,  Fig.  12,  and  placed  in  a  glass 
funnel,  whose  sloping  sides  should  open  at  an  angle  of 
about  60°,  and  merge  into  the  neck  at  a  definite  angle,  when 
it  will  be  found  to  fit  the  form  of  the  folded  filter-paper, 


FIG.  11. 


FIG.  12. 


and  consequently  give  the  latter  uniform  support.  When 
placed  in  the  funnel,  the  filter-paper  is  moistened  with  dis- 
tilled water  from  the  wash-bottle,  for  the  purpose  of  causing 
the  fibres  of  the  paper  to  expand,  and  thus  diminishing  the 
size  of  the  pores,  without  at  the  same  time  clogging  them 
with  solid  particles.  If  this  preliminary  moistening  is 
omitted,  and  a  solution  mixed  with  a  precipitate  is  poured 
into  the  dry  filter,  some  of  the  finely  divided  particles  of  the 
precipitate  are  drawn  into  the  pores  by  capillary  attraction, 
and  tend  to  prevent  the  passage  of  the  clear  solution  through 
them.  The  filter  should  never  be  allowed  to  reach  higher 
than  the  top  of  the  funnel,  as  otherwise  there  would  be  a 
danger  of  the  paper  giving  way  owing  to  the  weight  of  the 
liquid,  besides  the  further  danger  of  some  of  the  solution 
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running  down  the  outside  of  the  funnel  after  passing 
through  the  projecting  paper.  It  is  even  better  that  the 
funnel  should  project  half-an-inch  above  the  edge  of  the 
paper.  The  funnel  is  placed  in  a  convenient  stand,  so  that 
the  edge  of  the  stem  (cut  obliquely)  touches  the  side  of  the 
vessel  intended  to  receive  the  filtered  solution,  termed  the 
filtrate.  By  allowing  the  liquid  to  fall  down  the  side,  all 
splashing,  and  consequent  risk  of  loss  of  the  filtrate  is 
avoided.  The  solution  to  be  filtered  should  never  be  poured 
directly  into  the  funnel,  but  down  a  thin  glass  rod,  Fig.  13, 


FIG.  13. 

the  stream  of  liquid  being  so  directed  as  to  fall  against  the 
side  of  the  filter,  and  not  into  the  apex,  as  that  would  en- 
danger the  bursting  of  the  paper,  and  cause  loss  by  splashing. 
A  liquid  retaining  a  precipitate  in  suspension,  should  never 
be  poured  higher  than  within  half-an-inch  of  the  margin  of 
the  filter.  The  rim  of  the  vessel  containing  the  liquid  to  be 
filtered  should  be  slightly  greased;  this  prevents  the  liquid 
running  down  the  outside  of  the  vessel.  When  not  in  use, 
the  rod  employed  in  pouring  the  liquid  into  the  filter  is 
ft.  the  vessel  containing  the  precipitate,  or,  if  it  is 
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necessary  that  the  latter  should  not  be  disturbed,  in  a  little 
flask  or  beaker,  which  is  afterwards  rinsed  out  into  the 
filter  so  soon  as  the  whole  of  the  precipitate  has  been  trans- 
ferred on  to  the  filter.  During  the  progress  of  the  filtration, 
it  is  advisable  to  cover  the  various  vessels  with  glass  plates,  so 
as  to  prevent  dust  from  falling  into  them. 

A  special  plate  with  a  small  hole  at  the  side  will  be 
necessary  for  covering  the  beaker  receiving  the  filtrate,  so 
as  to  admit  the  stem  of  the  funnel. 

It  occasionally  may  happen  that  some  of  the  precipitate 
passes  through  with  the  filtered  solution,  barium  sulphate 
and  calcium  oxalate,  when  freshly  precipitated,  being  es- 
pecially liable  to  do  so.  Should  this  occur,  it  may  be 
necessary  to  pass  the  precipitate  through  the  filter  two  or 
three  times  before  it  comes  through  quite  clear.  A  clear 
filtrate  may,  however,  be  obtained  in  most  cases  by  well 
boiling  the  mixture  before  filtering,  which  causes  the  finely 
divided  particles  of  the  precipitate  to  coalesce  together.  The 
presence  of  particular  saline  matters  in  solution  also  some- 
times prevents  a  precipitate  passing  through;  ammonium 
chloride,  for  example,  exercises  this  property  with  barium 
sulphate. 

As  previously  remarked,  the  operations  of  filtration  and 
decantation  are  usually  combined  in  the  following  manner. 
After  decanting  the  clear  liquid,  a  fresh  quantity  of  distilled 
water,  or  other  washing  liquid,  is  poured  upon  the  precipitate 
in  the  beaker,  and  the  contents  of  the  vessel  agitated.  The 
mixture  is  then  allowed  to  subside  until  the  liquid  is  clear 
again,  and  the  clear  liquid  is  poured  through  the  same  filter. 
These  operations  are  then  repeated  several  times.  Finally 
the  precipitate  is  transferred  to  the  filter-paper  by  means  of 
the  spray  from  the  wash-bottle,  Fig.  14,  the  portions  of  the 
precipitate  adhering  to  the  beaker  being  removed  by  means 
of  a  glass  rod  capped  with  india-rubber  tubing.  Should  it 
be  found  impossible  to  remove  the  last  traces  of  the  pre- 
cipitate by  means  of  the  latter  contrivance,  the  precipitate 
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may  usually  be  dissolved  and  re-precipitated.  When  the 
whole  of  the  mixture  has  been  poured  on  the  filter,  all  the 
solution  should  be  allowed  to  pass  through  before  com- 
mencing to  wash  the  precipitate  on  the  filter.  The  object 
of  washing,  is  to  remove  all  soluble  matters  from  the  filter, 
and  the  operation  is  of  great  importance  in  analysis,  as  a 
precipitate  imperfectly  washed  would  weigh  too  high.  For 
instance,  in  the  determination  of  sulphuric  acid  by  precipi- 
tation with  an  excess  of  barium  chloride,  if  the  excess  of 
barium  chloride  is  not  removed  by  washing,  we  should  be 
weighing,  not  the  weight  of  barium  sulphate  alone,  but  a 
mixture  of  barium  sulphate  and  chloride, 
which  would,  of  course,  give  an  erroneous 
result. 

Precipitates  are  generally  washed  by 
means  of  the  wash-bottle,  shown  in  Fig.  14. 
This  is  simply  a  flask  made  of  thin  glass 
for  the  purpose  of  standing  heat,  fitted 
with  a  sound  cork,  through  which  two  glass 
tubes  pass.  One,  which  is  bent  at  an  angle 
of  45°,  has  a  piece  of  india-rubber  tube 
attached  to  it,  and  enters  the  flask  only  a 
short  distance;  the  other,  which  reaches 
nearly  to  the  bottom  of  the  flask,  has  its  upper  end  drawn 
out  to  a  fine  point,  and  bent  at  a  suitable  angle  for  directing 
the  stream  of  water.  In  order  to  hold  the  wash-bottle  with 
convenience,  a  coil  of  thick  string  may  be  wrapped  round 
its  neck.  On  filling  the  wash-bottle  with  water  and  blowing 
through  the  india-rubber  tube,  a  fine  stream  of  water  may 
be  directed  on  any  part  of  the  filter. 

The  precipitate  remaining  on  the  filter  is  now  well 
washed  (generally  with  hot  distilled  water,  as  hot  water 
filters  more  rapidly  than  cold),  the  current  of  water  being 
applied,  first  towards  the  upper  part  of  the  filter,  and  then 
directed  gradually  downwards.  When  the  filter  has  in  this 
manner  been  nearly  filled  up  with  water,  the  whole  should 
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be  allowed  to  run  through  before  adding  any  more ;  the 
operation  is  then  repeated  until  the  precipitate  is  sufficiently 
washed,  which  is  known  by  testing  some  of  the  final 
washings.  If  the  precipitate,  while  standing  in  the  filter, 
cakes  together  into  lumps,  these  must  "be  broken  up  by 
directing  upon  them  a  strong  current  of  water  from  the 
wash-bottle,  as  otherwise  the  water  would  not  penetrate 
them,  and  some  of  the  soluble  matter  would  escape  removal. 


Accelerated  Filtration. 

17.  The  process  of  washing  the  precipitate  as  described 
above  is  frequently  very  tedious,  hence  various  expedients 
have  been  devised  in  order  to  accelerate  the  process. 

One  of  the  simplest  means  of  attain- 
ing this  result  is  to  attach  a  bent  tube 
to  the  funnel,  as  shown  in  Fig.  15.  When 
the  liquid  descends  and  fills  the  longer 
limb  of  the  tube,  a  considerable  "pull 
or  vacuum  "  is  exerted  on  the  contents  of 
the  funnel,  consequently  increasing  the 
rate  of  filtration.  The  most  effective 
method,  however,  for  inducing  rapid  fil- 
tration is  by  means  of  the  filter-pump,  or 
other  appliances  which  remove  the  atmo- 
spheric pressure  from  beneath  the  filter 
more  or  less  completely,  and  yet  leave 
that  pressure  in  its  entirety  to  act  on  the 
surface  of  the  liquid  in  the  funnel. 

A  handy  form  of  filter-pump  is  that 
invented  by  Geissler,  and  shown  in  Fig. 
16.  It  is  made  of  glass.  The  most  con- 
venient place  for  fixing  this  apparatus  is  over  the  sink  of  the 
water  supply.  The  upper  vertical  tube  of  the  filter-pump 
should  be  attached,  by  means  of  a  stout  india-rubber  tube,  to 
a  high-pressure  water  service?  and  in  order  to  withstand  the 
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pressure  of  the  water,  the  india-rubber  tube^should  be  firmly 
bound  with  strong  copper  wire  to  the  water  tap  and  filter- 
pump.  The  action  of  the  pump  is  as  follows.  As  shown  in 
the  drawing,  there  are  three  tubes  fixed  into  the  chamber  in 
the  upper  portion  of  the  apparatus.  The  upper 
vertical  tube  conveys  the  water  from  a  high- 
pressure  water  service.  This,  in  passing  through 
the  contracted  end  of  the  tube  into  the  opening 
immediately  below  it,  entangles  air  from  the  cham- 
ber, and  carries  it  away  through  the  lower  vertical 
outlet  pipe.  Air  is  consequently  pulled  through 
the  side  horizontal  tube,  and  a  vessel  placed  in 
connection  with  this  tube  will  consequently  be 
gradually  exhausted  of  its  air.  The  side  tube  of 
the  pump  is  connected  with  a  tube  from  a  small 
Woulffe's  bottle.  This  tube  passes  through  the  cork 
of  the  bottle  nearly  to  the  bottom ;  the  other  tube 
of  the  bottle  passes  just  through  the  cork  in  its  FIG.  16. 
neck.  This  tube  is  connected  in  its  turn  by  means 
of  india-rubber  tubing,  either  with  another  Woulffe's  bottle 
containing  the  funnel,  or  with  the  side  tube  of  a  filtering 
flask.  The  first  Woulffe's  bottle  is  employed  in  order  to 
prevent  any  of  the  water  from  the  water  service  from 
entering  the  Woulffe's  bottle  containing  the  filter,  or 
filtering  flask,  when  the  water  supply  is  suddenly  checked. 
In  the  event  of  this  occurring,  the  water  from  the  filter- 
pump  would  be  drawn  back  into  the  side  tube  by  the  partial 
vacuum  created ;  but  instead  of  entering  the  filtering  flask 
it  is  arrested  in  the  first  Woulffe's  bottle.  In  this  way  the 
water  is  prevented  from  mixing  with  the  filtrate  in  the 
second  Woulffe's  bottle  or  filtering  flask,  and  as  soon  as  the 
filter-pump  is  re-started,  the  water  in  the  Woulffe's  bottle  is 
rapidly  sucked  out. 

By  reducing  the  pressure  underneath  the  filter  in  the 
manner  indicated,  the  pressure  acting  on  the  upper  surface 
of  the  paper  is  frequently  greater  than  the  unsupported 
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paper  can  bear  without  breaking;  it  is  therefore  necessary 
to  support  the  apex  of  the  filter-paper  by  a  platinum  cone, 
which  is  obtained  of  the  desired  shape  in  the  following 
manner.  A  circular  piece  of  writing  paper,  10  or  12  centi- 
metres in  diameter,  is  folded  in  the  shape  of  a  filter,  and 
placed  in  the  funnel  so  as  to  fit  accurately  to  the  sides  of  the 
same,  particularly  near  its  apex.  It  is  kept  in  position  by  a 
few  drops  of  sealing-wax,  and  is  saturated  with  oil  by  means 
of  a  feather,  care  being  taken  that  no  drops  of  the  oil  remain 
at  the  apex  of  the  paper  cone.  A  thin  cream  of  plaster  of 
Paris  is  then  poured  into  the  paper  mould,  and  a  small 
wooden  handle  is  inserted  into  it  just  before  the  plaster 
solidifies.  In  a  few  hours  the  plaster  cast  will  be  dry  enough 
to  be  removed  from  the  funnel,  together  with  the  oiled  paper. 
The  outside  of  the  same  paper  cone  is 
now  thoroughly  oiled  and  inserted  into 
a  small  capsule,  or  similar  shaped  vessel, 
of  4  or  5  centimetres  in  height,  filled 
with  a  cream  of  plaster  of  Paris.  As 
soon  as  the  outer  mould  is  dry,  the  plaster 
cone  is  removed,  and  the  paper  rubbed  off 
it.  In  this  way  a  solid  cone  fitting  into 
a  hollow  cone  is  obtained,  both  of  which 
have  the  angle  of  inclination  of  the  funnel.  A  piece  of 
platinum  foil,  of  such  a  thickness  that  one  square  centimetre 
weighs  O'lo  gram,  is  cut  into  the  shape  and  size  shown  in 
Fig.  17  ;  it  is  divided  by  a  pair  of  scissors  along  the  line  a  b, 
as  far  as  the  centre  a.  The  foil  is  then  held  in  the  Bunsen 
flame  for  a  few  minutes  to  render  it  pliable,  and  placed 
against  the  plaster  cone,  so  that  the  point  a  is  at  the  end  of 
the  cone;  the  side  a,  6,  dt  is  folded  against  the  cone,  and 
over  this  is  folded  the  remainder,  a,  6,  c,  so  that  the  foil  also 
becomes  a  cone,  the  sides  of  which  have  exactly  the  same 
inclination  as  those  of  the  plaster  cast,  and  also  of  the  funnel. 
The  shape  of  the  platinum  cone  may  be  completed  by 
dropping  it  into  the  hollow  mould,  and  pressing  it  down  by 
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means  of  the  plaster  cone.  If,  after  use,  the  cone  should 
happen  to  get  out  of  shape,  the  correct  shape  may  at  any 
time  be  obtained  again,  by  simple  pressure  between  the  two 
cones.  The  platinum  cone  should  not  allow  any  light  to 
pass  through  its  apex.  When  properly  made  it  will  support 
a  filter  filled  with  liquid  under  the  pressure  of  an  atmosphere 
without  the  paper  breaking.  The  small  space  between  the 
folds  of  the  foil  is  quite  sufficient  to  allow  of  the  passage  of  a 
rapid  stream  of  water  from  the  filter.  The  platinum  cone  is 
fitted  for  use  in  the  following  manner.  A  funnel  is  selected 
exactly  fitting  the  cone,  which  is  placed  in  the  funnel,  and 
then  a  dry  filter-paper,  folded  in  the  ordinary  manner, 
inserted.  The  filter-paper  is  pressed  so  that  the  cone  and 
paper  fit  the  sides  of  the  funnel  closely.  The  paper  is  then 
wetted  by  pouring  in  a  little  distilled  water.  The  over- 
lapping edges  of  the  filter-paper  are  pressed  down  by  the 
fingers,  and  any  air-bubbles  between  the  funnel  and  paper 
are  also  carefully  removed  by  pressure.  The  funnel  is  then 
fitted,  by  a  perforated  india-rubber  cork,  either  into  the  neck 
of  a  clean,  strong,  conical  filtering  flask,  or  into  one  tubulure 
of  a  Woulffe's  bottle  of  suitable  size ;  the  side  tube  of  the 
filtering  flask,  or  the  remaining  tubulure  of  the  Woulffe's 
bottle  being  placed  in  connection  with  the  filter-pump. 
After  making  the  connection  between  the  pump  and  the 
vessel  carrying  the  funnel,  but  before  commencing  filtration, 
it  is  advisable  to  fill  the  filter  with  distilled  water  and  to 
start  the  pump.  If  any  air  is  observed  to  be  sucked  down 
between  the  filter  and  funnel,  this  should  be  stopped  by 
gently  pressing  the  moistened  edges  of  the  paper  against  the 
funnel.  In  commencing  filtration  the  pump  should  be 
started  very  gently,  particularly  if  the  precipitate  is  a  fine 
one,  as  in  that  case  particles  of  the  precipitate  may  be  at  first 
easily  drawn  through  the  paper.  To  filter  a  precipitate  by 
this  apparatus,  the  supernatant  liquid  is  cautiously  poured  on 
to  the  filter,  the  action  of  the  pump  is  gently  started,  and  as 
the  liquid  flows  through  into  the  filtering  flask,  fresh  portions 
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are  added  until  the  whole  has  been  decanted.  The  precipitate 
is  then  transferred  in  the  ordinary  manner,  and  washed  by 
the  addition  of  water  from  an  open  mouthed  vessel  and  not 
by  a  jet  from  a  wash-bottle.  The  liquid  in  which  the  pre- 
cipitate was  originally  formed,  together  with  that  necessary 
to  transfer  the  precipitate  to  the  filter,  should  be  allowed  to 
flow  away  completely  before  the  operation  of  washing  is 
commenced.  As  soon  as  the  precipitate  is  drained,  but 
before  any  channels  begin  to  form  in  it,  the  filter  should  be 
filled  up  with  distilled  water,  poured  cautiously  down  the 
side  of  the  funnel.  When  this  lot  of  wash- water  has  drained 
away,  the  suction  is  continued  until  the  precipitate  is 
observed  to  shrink,  when  the  filter  is  again  filled  up.  This 
process  is  to  be  twice  repeated,  after  which  the  precipitate 
may  be  drained  almost  dry  by  using  the  filter-pump  a  few 
minutes  longer. 

This  method  of  filtration  and  washing  is  exceedingly 
rapid  as  compared  with  the  old  plan.  A  further  advantage 
attends  the  use  of  the  filter-pump,  that  is,  the  condition  of 
the  precipitate  after  filtration.  Precipitates  such  as  ferric 
oxide  and  alumina  are  left  so  dry  that,  without  further 
drying,  the  precipitate  wrapped  in  the  filter-paper  may  be 
placed  in  the  crucible  over  the  Bunsen  flame,  and,  after 
cautiously  charring  the  paper,  the  whole  may  be  ignited 
without  risk  of  loss  by  particles  being  projected  out  of  the 
crucible. 

Drying  of  Precipitates. 

18.  The  next  operation  is  that  of  drying  the  precipitate, 
which  is  effected  as  follows. 

The  water  remaining  in  the  stein  of  the  funnel  is  first 
removed  by  means  of  a  filter-paper,  and  the  mouth  of  the 
funnel  is  then  covered  with  a  moistened  filter ;  on  drying, 
the  paper  adheres  to  the  rim  of  the  funnel,  and  in  this  way 
protects  the  precipitate  from  dust.  The  funnel  is  then  placed 
in  the  water  oven  (12)  and  kept  there  until  the  paper  and 
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precipitate  are  quite  dry.  This  method  of  drying  the  pre- 
cipitate possesses  the  advantage  that,  when  the  precipitate 
is  contracting,  it  detaches  itself  from  the  filter-paper,  so  that 
precipitates  of  a  curdy  or  gelatinous  nature, 
such  as  silver  chloride,  or  the  oxides  of  iron 
and  chromium,  may  be  almost  completely 
shaken  out  of  the  funnel,  direct  into  the 
crucible  in  which  they  are  to  be  weighed. 
This  easy  separation  of  the  dried  precipitate 
from  the  paper  is  a  material  help  to  accuracy 
in  obtaining  the  weight  of  the  pr-  cipitate. 
Another  method  of  drying,  is  to  place  the 
funnel  in  a  tin  cone,  supported  on  a  piece  of 
wire  gauze  over  a  Bun  sen  burner,  Fig.  18 ;  but 
this  method  is  open  to  the  objection  that  it  may  cause  charring 
of  the  paper,  or  fracture  of  the  funnel,  besides  pos-essing  the 
further  disadvantage  of  causing  the  precipitate,  by  reason  o' 
the  way  it  is  heated,  to  adnere  to  the  paper. 

Ignition  of  the  Precipitate. 

19.  Since  the  precipitate  is  required  to  be  in  a  perfect! 
dry  state  before  it  is  in  a  fit  condition  for  weighing,  it  i* 
usually  necessary  to  ignite  it.  The  filter-papet  itself  is  si  1st: 
burnt  and  converted  into  ash,  and  the  weight  of  the  result- 
ing ash,  which  is  usually  extremely  small,  is  subtracted 
from  the  total  weight  of  the  ignited  precipitate  and  ash  .  it 
is  therefore  necessary  to  determine  the  average  we  ght  of 
the  ash  of  the  filter-papers  employed,  which  is  done  as 
follows: — Six  filter-papers  are  selected  from  different  parts 
of  a  packet  of  filters ;  these  are  then  carefully  folded  and 
burnt,  one  by  one,  to  a  perfectly  white  ash  in  a  weighed 
platinum  crucible,  the  crucible  and  ash  being  afterwards 
weighed.  The  weight  of  the  ash  thus  obtained,  divided  by 
six,  will  give  the  amount  of  ash  from  one  filter-paper.  The 
vessels  employed  in  the  ignition  of  precipitates  are  crucibles 
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made  of  platinum,  nickel,  or  porcelain.    A  platinum  crucible 
is  to  be  preferred  whenever  it  is  practicable  to  use  it,  as  it  is 
heated    more    rapidly   and    uniformly   than    one    made  of 
porcelain,  and  is  better  adapted  to  resist  the  action  of  a  coal- 
gas  flame  than  one  made  of  nickel ;  but  platinum  cannot  be 
used  for  the  ignition  of  the  chlorides  of 
silver  or  lead,  and  some  oxides,  sulphides, 
and   phosphides   are  liable  to   injure  the 
metal  also.     The  crucible  is  usually  sup- 
ported  on  a    pipe-clay  triangle,  Fig.  19. 
The  temperature  to    which   a  precipitate 
should  be  exposed,  and  the  duration  of  the 
FIG.  19.  ignition,  varies  with  the  nature  of  the  pre- 

cipitate, but  in  all  cases  the  heat  should  be 
applied  gradually.  This  precaution  is  especially  necessary 
when  the  substance  is  not  perfectly  dry,  or  is  in  the  form  of 
a  very  light  powder,  such  as  silicic  acid. 

When  heating  precipitates  which  are  capable  of  reduc- 
tion, care  must  be  exercised  that  the  flame  does  not  come 
into  contact  with  the  interior  of  the  crucible,  or  possibly 
reduction  of  the  substance  may  take  place.  A  simple 
method  of  igniting  precipitates  requiring  a  comparatively 
low  temperature,  is  to  place  the  crucible  upon  a  triangle, 
resting  upon  the  chimney  of  a  Wallace  Argand  burner 
minus  the  gauze  top.  When  the  gas  as  it  comes  from  the 
ring  at  the  bottom  of  the  burner  is  lit,  it  causes  a  current  of 
heated  air  to  play  against  the  sides  of  the  crucible,  and  in 
this  way  the  crucible  may  be  uniformly  heated  to  any  tem- 
perature desired,  up  to  a  red  heat.  This  method  of  heating 
is  specially  useful  in  the  determination  of  calcium  as  CaC08. 
The  ordinary  method  of  ignition,  however,  is  by  means  of  a 
Bunsen  burner,  supplemented  in  some  cases  by  the  blow-pipe, 
the  crucible  being  placed  on  a  pipe-clay  triangle,  resting  on 
the  ring  of  an  iron  tripod,  or  retort-stand. 

Precipitates  may  be  ignited  with,  or  apart  from,  the 
filter-paper,  according  as  to  whether  the  combustion  of  the 
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filter-paper  has  any  reducing  action  on  the  precipitate  or  not. 
If  the  combustion  of  the  filter-paper  has  no  reducing  action 
upon  the  precipitate,  the  latter  may  be  ignited  as  follows. 
The  filter  and  precipitate,  first  being  thoroughly  dried  in  the 
water  oven,  the  filter-paper  (which  still  contains  the  pre- 
cipitate) is  folded  together,  and  the  free  edge  turned  down  so 
as  to  enclose  the  precipitate  in  a  small  compass.  The  filter  is 
then  deposited  in  the^crucible,  and  the  lid  placed  on  the  latter 
so  as  to  nearly  cover  it,  leaving  only  a  small  space  for  the 
escape  of  the  gases  which  are  given  off  by  the  ignition  and 
combustion  of  the  filter-paper,  Fig.  21.  Heat  is  then  applied, 
very  moderately  at  the  commencement.  As  soon  as  the 
flame  due  to  the  combustible  gases  ceases  to  appear,  the  lid 
may  be  removed,  and  the  heat  increased  until  the  tempera- 
ture required  is  obtained.  When  the  filter-paper  has  been 
entirely  converted  into  a  white  ash,  the  burner  is  taken 
away,  and  as  soon  as  the  crucible  has  cooled  down  a  little,  it 
is  removed  to  the  desiccator  by  means  of  a  pair  of  clean 
crucible  tongs.  The  lid  of  the  crucible  is  then  ignited  until 
it  is  clean,  placed  upon  the  crucible,  and  the  whole  is  weighed 
when  cold. 

It  sometimes  happens  that  the  filter-paper  is  difficult  to 
completely  incinerate,  black  particles  of  carbon  stubbornly 
remaining.  In  this  event,  the  combustion  may  be  accelerated 
by  bringing  the  portions  of  unconsumed  filter-paper  into 
contact  with  the  hottest  portion  of  the  crucible,  by  means  of 
a  stout  platinum  wire  fused  into  a  piece  of  glass  tubing;  or 
a  small  blow-pipe  flame  may  be  used,  so  as  to  produce  a 
higher  temperature.  Another  way  of  helping  the  combus- 
tion of  the  carbon,  is  to  moisten  the  ash  with  a  drop  of  a 
saturated  solution  of  ammonium  nitrate.  Precipitates  such 
as  A1203,  3H20;  or  O203,  3H20;  which  have  been  washed 
and  drained  by  means  of  the  filter-pump,  may  be  ignited 
without  being  previously  dried  in  the  water  oven.  In  these 
cases,  it  is  necessary  to  cover  the  crucible  with  its  lid,  until 
all  the  moisture  and  gases  have  been  driven  oft7,  and  to  apply 
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the  heat  very  gradually,  commencing  with  a  small  flame, 
placed  at  some  distance  below  the  crucible. 

When  the  combustion  of  the  filter-paper  is  liable  to  exert 
a  reducing  action  on  the  precipitate,  and  also  in  cases  in 
which  it  is  desirable  to  keep  the  precipitate  apart  from  the 
ash,  the  precipitate  is  ignited  apart  from  the  filter,  in  one 
of  the  following  ways. 

(a)  The  dry  precipitate  and  paper  are  taken  from  the 
funnel,  and  the  precipitate  is  carefully  shaken  out  of  the 
paper  into  the  crucible  standing  on  a  piece  of  glazed  paper, 
so  as  to  catch  any  particles  of  precipitate  which  may  fall 
outside  the  crucible.  The  glazed  paper  should  be  dark  for 
light-coloured,  and  white  for  dark  -  coloured  precipitates. 
The  portions  of  the  precipitate  adhering  to  the  filter  are 
loosened  by  rubbing  its  sides  together,  care  being  taken  that 


FIG.  20. 

the  surface  of  the  paper  is  not  destroyed  by  so  doing,  other- 
wise filaments  of  paper  are  liable  to  contaminate  the  preci- 
pitate, and  may  impair  the  accuracy  of  the  result,  by 
escaping  being  burnt  in  the  subsequent  ignition,  or  if  burnt, 
may  alter  the  composition  of  the  precipitate.  The  precipi- 
tate, detached  as  above  described,  is  then  added  to  that 
already  in  the  crucible.  The  filter-paper  is  then  folded  tip 
as  in  Fig.  20,  and  afterwards  rolled  into  a  coil. 

The  paper  should  be  folded  in  such  a  manner  that  the 
soiled  half  of  the  filter  is  in  the  centre ;  there  is  then  less 
risk  of  loss  from  projection,  or  from  the  precipitate  fusing  to 
the  platinum  wire,  which  is  wound  round  the  paper  in  a 
spiral  form.  The  platinum  wire  employed  should  be  about 
10  inches  long  and  fairly  stout,  and,  for  convenience  of 
handling,  should  be  fused  into  a  piece  of  glass  tube. 

The  filter-paper  is  then  ignited  by  means  of  a  Bunsen 
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burner,  which  is  held  in  one  hand,  the  paper  being  held  iii 
the  other  hand  directly  over  the  crucible  standing  on  a  piece 
of  glazed  paper.  The  paper  is  maintained  in  a  glowing  con- 
dition by  being  occasionally  placed  in  the  flame  of  the  burner, 
until  the  carbon  of  the  paper  is  entirely  consumed.  A  slight 
tap  of  the  platinum  wire  on  the  edge  of  the  crucible  will 
cause  the  ash  to  fall  into  the  latter,  when  the  ignition  may 
be  completed  in  the  usual  way  by  means  of  a  Bunsen  burner. 


FIG.  21. 

at  first  gently  with  the  lid  on,  and  afterwards  more  strongly 
with  the  lid  removed.  The  crucible  is  then  placed  in  the 
desiccator  and  weighed  when  cold.  It  is  then  heated  a 
second  time  and  again  weighed,  to  ascertain  that  its  weight 
is  constant. 

In  every  case  before  proceeding  to  use  a  crucible  for  the 
purpose  of  igniting  a  precipitate,  it  should  first  be  heated, 
placed  in  the  desiccator,  and  weighed,  so  as  to  obtain  the 
weight  of  the  empty  crucible. 
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(6)  Another  method  of  igniting  the  filter-paper  and  pre- 
cipitate, is  to  burn  the  paper  on  the  lid,  and  the  precipitate 
in  the  crucible,  both  being  ultimately  weighed  together. 
The  details  of  the  method  are  as  follows.  The  precipi- 
tate is  shaken  out  into  the  crucible,  the  last  traces  being 
detached  from  the  paper  as  completely  as  possible  as  in 
the  previous  method.  The  filter-paper  is  then  cut  up  into 
small  strips  by  means  of  a  clean  pair  of  scissors ;  these  strips 
are  then  incinerated,  one  by  one,  on  the  inverted  lid  of 
the  crucible,  which  is  supported  on  a  pipe-clay  triangle. 
When  all  the  strips  have  been  burnt,  the  resultant  ash  is 
added  to  the  precipitate  in  the  crucible,  and  the  ignition 
completed  as  already  described. 

As  previously  remarked,  the  intensity  and  duration  of 
heat  to  which  a  precipitate  should  be  exposed,  depends  on 
the  nature  and  quantity  of  the  precipitate,  but  as  a  general 
rule  from  five  to  ten  minutes  at  a  low  red  heat  will  be 
sufficient.  A  few  words  on  the  care  of  platinum  vessels  are 
necessary.  Platinum  crucibles,  when  red  hot,  should  never 
be  touched  with  brass  tongs,  or  placed  in  brass  rings,  as 
these  produce  black  stains  on  the  metal.  Should  a  platinum 
crucible  become  soiled,  it  may  be  cleaned  by  rubbing  it  with 
moist  sea-sand,  the  particles  of  which,  being  rounded,  will 
not  scratch  the  metal.  The  nature  of  the  sand  should  first 
be  ascertained  by  examining  a  few  grains  of  it  through  a 
magnifying  glass  ;  if  they  appear  to  be  rounded,  resembling 
pebbles,  the  sand  is  suitable,  but  if  angular  the  sand  should 
not  be  used.  Should  the  stains  not  disappear  on  rubbing 
with  sand,  a  little  bisulphate  of  potassium  may  be  fused  in 
the  crucible  ;  this,  when  cold,  is  removed  by  boiling  it  with 
water,  and  the  surface  of  the  metal  finally  polished  with  sea- 
sand. 

Collection  of  Precipitates  on  Weighed  Filters. 

20.  It  occasionally  happens  that  it  is  not  possible  to 
expel  the  moisture  from  a  precipitate  by  ignition,  before 
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weighing.  It  is  therefore  necessary,  in  such  a  case,  to  weigh 
the  precipitate  on  the  filter  on  which  it  has  been  deposited  ; 
consequently,  we  require  to  know  the  weight  of  the  filter 
paper  itself.  The  paper  is  folded  in  the  usual  manner, 
placed  in  a  stoppered  weighing  tube,  or  between  a  pair  of 
well-ground  watch  glasses  with  clip,  Fig.  22,  and  heated  in 
the  water  oven  for  an  hour  or  so.  The  stoppered  tube  or 
watch-glasses  containing  the  filter  paper  are  then  allowed 
to  cool  in  the  desiccator,  and  weighed  when  cold.  The  filter 
is  then  placed  in  the  funnel,  and  the  precipitate  deposited 
on  it  in  the  usual  manner,  the  tube  or  watch-glasses 


FIG.  22. 

remaining  in  the  balance  case  while  this  operation  is  pro- 
ceeding. When  ready  for  drying,  the  paper  and  precipitate 
are  first  of  all  dried  in  the  funnel;  the  filter  is  then  taken 
out  of  the  same  and  placed  in  the  weighing  tube  or  between 
the  watch-glasses,  dried  for  some  hours  in  the  water  oven, 
and  repeatedly  weighed  until  a  constant  weight  is  obtained. 
Another  plan  is  to  weigh  two  filters  of  equal  size,  A  and 
B,  against  each  other,  and  mark  the  difference  in  weight 
on  B.  The  precipitate  is  collected  on  A,  the  filtrate  and 
washings  being  allowed  to  pass  through  B ;  both  are  dried 
and  weighed  against  each  other,  and  the  original  difference 
in  weight  allowed  for. 
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PAET  II. 

SIMPLE  GRAVIMETRIC   DETERMINATIONS 

THE  following  simple  gravimetric  determinations  are  selected 
principally,  with  a  view  to  their  applicability  to  the  esti- 
mations most  frequently  required  in  gasworks.  In  most  of 
the  examples,  the  substance  selected  for  analysis  is  of  known 
and  definite  composition.  The  accuracy  of  the  result  ob- 
tained can  therefore  be  checked,  by  calculating  from  the 
formula  of  the  substance,  the  percentage  of  the  constituent 


The  substances  recommended  for  analysis  in  these  exer- 
cises, are  generally  soluble  in  water,  but  should  a  substance 
requiring  estimation  be  found  to  be  insoluble  in  water,  it 
will  be  necessary  then  to  ascertain,  by  experimenting  on  a 
small  portion  of  the  finely  powdered  substance,  what  are 
the  most  suitable  solvents.  These  will  usually  be  found  to 
be  either  hydrochloric  or  nitric  acids  in  the  order  named,  or 
possibly  a  mixture  of  the  two.  If  treatment  with  acids  does 
not  dissolve  it,  the  substance  may  generally  be  decomposed 
by  fusing  it  with  about  six  times  its  weight  of  a  mixture  of 
sodium  atid  potassium  carbonates ;  it  is  then  extracted  with 
water,  and  the  insoluble  residue  dissolved  by  treatment  with 
acid. 

21.  In  order  to  make  the  following  exercises  of  any 
value,  it  is  necessary  that  the  substances  chosen  for  the  ex- 
periments should  be  quite  pure  ;  a  few  hints  on  the  prepara- 
tion of  pure  substances  will  therefore  be  of  service. 

The  purity  of  a  soluble  and  ciystallisable  chemical  com- 
pound can  usually  be  ensured  by  repeated  crystallisation 
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from  a  suitable  medium.  Owing  to  the  fact  that  the 
impurities  are  left  behind  in  the  mother  liquor  by  this  mode 
of  treatment,  many  commercial  salts  may  be  purified  by  one 
or  two  crystallisations  from  water.  The  following  is  the 
method  of  procedure  in  the  case  of  some  substances  which 
are  employed  in  the  examples  given  for  practice. 

Potassium  aluminium  sulphate  (A1K(S04)2,12H2O);  cop- 
per sulphate  (CuS04,5H20) ;  barium  chloride  (BaCl2,2H20)  ; 
magnesium  sulphate  (MgS04,7H2O). 

The  coarsely  crushed  commercial  salt  is  dissolved  in  a 
beaker  or  evaporating  basin,  the  contents  of  the  vessel  being 
heated  and  well  stirred,  until  the  solid  no  longer  dissolves, 
so  as  to  obtain  a  hot  and  nearly 
saturated  solution  of  the  solid. 
The  hot  liquid  is  then  decanted 
from  the  excess  of  solid,  into  a 
crystallising  dish.  In  the  event, 
however,  of  any  suspended  solid 
matter  remaining  in  the  liquid, 
the  latter  must  be  passed  through 
a  filter  -  paper  contained  in  a 
funnel,  which  is  kept  hot  by 
means  of  a  jacket  of  hot  water. 
The  apparatus  employed  to  at- 
tain this  result  is  shown  in 
Fig.  23.  It  consists  of  a  copper 
vessel,  somewhat  resembling  a 

funnel  in  shape,  and  double  walled.  In  communication  with 
the  interspace  of  the  funnel-shaped  portion  of  the  apparatus 
is  a  sheet  copper  projection,  a.  The  apparatus  is  provided 
with  a  handle  for  convenience  of  holding.  The  apparatus 
before  being  used  is  about  half-filled  with  water.  The 
water  is  then  heated  to  boiling  by  placing  a  Bunsen  burner 
beneath  the  projecting  portion,  a,  which  will  be  filled  with 
water  communicating  with  that  in  the  jacket.  In  this  way 
hot  water  will  circulate  throughout  the  copper  jacket,  and 


FIG.  23. 
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consequently,  the  funnel  placed  in  it  may  be  kept  hot 
during  filtration.  After  filtering,  the  clear  hot  solution 
(filtrate)  is  surrounded  with  a  vessel  containing  cold  water, 
so  as  to  rapidly  cool  down  the  solution,  and  further  the 
formation  of  small  crystals.  When  the  crystals  have  ceased 
to  form,  the  supernatant  liquid  is  poured  off,  and  the 
crystals  are  placed  upon  porous  tiles  to  drain.  After 
draining  for  several  hours,  the  crystals  are  broken  up,  and 
are  finally  dried  by  means  of  repeated  pressure  between 
folds  of  filter  or  blotting  paper.  They  are  then  placed  in  a 
tight-fitting  stoppered  bottle. 

22.  Many  chemicals  may  be  prepared  in  a  pure  state  by 
means  of  precipitation,  and  subsequent  washing  and  drying. 

The  preparation  of  pure  calcium  carbonate  is  an  example. 
Dissolve  100  grams  of  calcium  chloride  (CaCl2)  in  250  cc. 
of  distilled  water,  heat  the  solution  to  boiling,  filter  if 
necessary,  and  then  add  a  strong  solution  of  pure  ammonium 
carbonate  (NH4)2C08,  as  long  as  any  precipitate  is  thrown 
down.  Pour  the  precipitate  on  to  a  filter- paper,  and  wash 
it  with  hot  water  until  the  latest  washings  cease  to  give  a 
precipitate  with  a  solution  of  nitrate  of  silver  (AgNO3). 
Then  dry  the  precipitate  in  the  water  oven,  detach  it  from 
the  filter-paper,  and  preserve  in  a  stoppered  bottle. 

23.  The  process  of  sublimation  is  sometimes  employed 
for  the  purpose  of  separating  volatile  from  non-volatile  sub- 
stances, the  purification  of  such  substances  being  in  this  way 
effected. 

In  order  to  purify  a  volatile  substance,  the  sublimation 
may  be  effected  by  placing  the  substance  in  a  porcelain 
crucible,  and  inverting  over  it  a  similar  crucible.  The 
lower  crucible  is  then  gently  heated,  when  the  substance 
will  volatilise  and  condense  in  the  upper  one,  which  must 
be  replaced  by  a  cold  one  if  it  becomes  too  hot. 

Another  method  is  to  place  the  substance  into  a  porcelain 
dish,  and  condense  its  vapour  by  means  of  an  inverted 
funnel,  placed  so  as  to  cover  the  substance.  Unless  the 
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substance  which  is  to  be  sublimed  is  known  to  be  quite  dry, 
it  is  advisable  to  allow  the  first  portion  of  its  vapour  to  pass 
away,  and  carry  off  any  moisture  there  may  be  in  the  sub- 
stance with  it. 

The  sublimation  of  iodine  is  an  example  of  the  first 
method  of  purification  by  means  of  sublimation. 

Partly  fill  a  porcelain  crucible  with  a  mixture  of  three 
parts  of  iodine  and  one  part  of  iodide  of  potassium  (KI), 
finely  powdered,  and  well  mixed  together.  This  is  then 
covered  with  a  second  crucible,  and  a  gentle  heat  applied 
to  the  lower  crucible.  At  the  close  of  the  operation  the 
sublimed  crystals  are  removed  and  stored  in  a  clean  dry 
bottle. 

The  sublimation  of  arsenious  oxide  (As2O8)  is  an  example 
of  the  second  method  of  purification  by  means  of  sublima- 
tion. 

Place  in  a  small  porcelain  dish  a  thin  layer  of  As2O3. 
Then  invert  over  it  a  clean  glass  funnel,  and  gently  heat 
the  dish.  The  sublimed  As2O8  is  detached  from  the  funnel 
at  the  end  of  the  operation  and  preserved  for  future  use. 


ESTIMATION  OF  S04  IN  A  SULPHATE  (SOLUBLE). 

24.  The  S04  is  precipitated  as  barium  sulphate  and  weighed 
in  this  form. 

The  manipulation  necessary  in  the  determination  of  th.s 
above,  finds  frequent  application  in  the  analytical  work 
required  in  gasworks. 

The  determination  of  the  amount  of  sulphur  in  coal  and 
coke,  the  sulphur  compounds  in  purified  gas,  the  testing  of 
the  solutions  employed  in  the  Referees'  ammonia  test,  and  in 
the  testing  of  ammoniacal  liquor  and  sulphate  of  ammonia, 
are  typical  instances. 

The  substance  chosen  for  the  estimation  is  copper  sul- 
phate (CuS04,5H2O). 
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In  order  to  obtain  the  substance  in  a  state  of  purity,  it 
is  necessary  to  purify  it  by  recry stall  isation  (21) ;  but  even 
this  treatment  is  not  always  sufficient  to  purify  the  com- 
mercial salt  (blue  vitriol) ;  as  it  not  unfrequently  contains 
ferrous  sulphate,  which  cannot  be  removed  even  by  repeated 
crystallisation,  as  the  two  sulphates  tend  to  crystallise,  to- 
gether. By  heating  the  solution,  with  a  few  drops  of  nitric 
acid,  however,  the  ferrous  salt  is  oxidised  to  ferric* sulphate, 
and  on  concentrating  the  liquid,  crystals  of  pure  copper 
sulphate  are  easily  obtained.  In  order  to  prepare  a  quantity 
of  the  pure  salt,  about  200  grams  of  clean,  well-formed 
crystals  of  commercial  blue  vitriol  are  dissolved  in  about  a 
quarter  of  a  litre  of  hot  water,  a  few  drops  of  nitric  acid  are 
added,  the  solution  is  filtered  if  necessary,  and  boiled  for 
half  an  hour  ;  on  cooling,  the  liquid  deposits  crystals  of  pure 
CuS04.  After  standing  for  a  few  hours  the  solution  is 
poured  off,  and  the  mother  liquor  is  drained  as  far  as  possible 
from  the  crystals.  The  crystals  remaining  are  then  broken 
up  by  means  of  a  glass  rod,  and  dried  by  pressure  between 
folds  of  filter  or  blotting  paper.  It  is  advisable  not  to  press 
the  crystals  with  too  great  a  force,  as  the  sulphate  may 
consequently  become  mixed  with  filaments  of  filter-paper, 
which  would  interfere  with  the  accuracy  of  the  after 
analytical  operations.  When  the  greater  portion  of  the 
moisture  has  in  this  way  been  got  rid  of,  the  salt  is 
wrapped  in  a  fresh  sheet  of  dry  filtering  paper,  and  the 
folds  are  placed  under  a  heavy  weight  for  an  hour  or  two. 
When  dry  the  salt  is  placed  in  a  stoppered  weighing  tube. 
About  one  gram  of  the  dried  salt  is  now  weighed  out  in  the 
following  manner.  The  stoppered  weighing  tube  containing 
the  CuSO4  is  carefully  weighed,  and  about  a  gram  of  the 
salt  is  shaken  out  into  a  clean  dry  beaker  of  about  18  ounces 
capacity.  On  replacing  the  stopper  and  again  weighing  the 
tube,  the  loss  of  weight  resulting,  gives  the  exact  amount 
taken  for  analysis.  Care  must  of  course  be  taken  that  all 
the  salt  shaken  out  of  the  tube  is  deposited  in  the  beaker, 
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The  salt  is  now  dissolved  in  30-40  cubic  centimetres  of 
distilled  water,  a  few  drops  of  hydrochloric  acid  are  added, 
and  the  solution,  covered  with  a  clock-glass,  is  heated  to 
boiling.  The  burner  is  then  removed  from  underneath  the 
beaker,  and  a  saturated  solution  of  barium  chloride  added 
drop  by  drop.  In  order  to  ascertain  whether  an  excess  of 
the  precipitant  has  been  added,  the  barium  sulphate  is  left 
to  settle  down,  and  when  the  supernatant  liquid  is  suf- 
ficiently clear,  a  drop  of  the  barium  chloride  solution  is 
poured  down  the  side  of  the  beaker.  If  an  increased  tur- 
bidity ensues,  the  liquid  is  again  heated,  and  a  further 
quantity  of  barium  chloride  solution  added ;  the  precipitate 
is  once  more  allowed  to  settle,  and  the  liquid  again  tested 
by  cautiously  adding  barium  chloride  solution.  When  it  is 
quite  evident  that  the  precipitation  is  complete,  cover  the 
beaker  and  set  it  aside  in  a  warm  place  for  the  precipitate 
to  settle.  If  it  is  attempted  to  filter  the  turbid  liquid 
immediately,  the  finely  divided  precipitate  will  inevitably 
pass  through  the  pores  of  the  paper,  but  on  standing, 
especially  after  precipitation  from  a  hot  solution  slightly 
acidified  with  hydrochloric  acid,  the  barium  sulphate 
becomes  denser,  and  assumes  a  granular  form.  When  the 
precipitate  has  completely  settled,  add  one  more  drop  of 
barium  chloride  to  be  quite  certain  that  the  precipitation 
is  complete,  and  proceed  to  collect  the  BaSO4  on  a  filter; 
the  supernatant  liquid  is  first  poured  through,  care  being 
taken  not  to  disturb  the  precipitate.  The  precipitate  is 
then  washed  twice  by  decantation  through  the  filter,  and 
finally  transferred  to  the  latter  by  means  of  the  wash-bottle 
with  a  fine  jet,  and  a  glass  rod  tipped  with  india-rubber  tube. 
The  precipitate  is  washed  free  from  chloride,  as  shown  by  a 
portion  of  the  latest  washings  not  giving  a  precipitate  with 
a  solution  of  nitrate  of  silver. 

When  thoroughly  washed,  the  filter  and  precipitate  are 
dried  in  the  water  oven,  and,  when  dry,  the  precipitate  is 
ignited,  apart  from  the  filter,  in  the  following  manner.  The 
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precipitate  is  first  detached  as  completely  as  possible  from 
the  filter,  and  placed  in  a  platinum  crucible.  The  filter  is 
then  folded  up  with  the  soiled  surface  in  the  middle,  and 
bound  round  by  a  spiral  of  platinum-wire,  and  burnt  to 
a  white  ash  in  the  flame  of  a  Bunsen  burner.  The  ash  is 
then  added  to  the  precipitate  in  the  crucible,  and  the  whole 
is  ignited  for  about  fifteen  minutes  at  a  dull  red  heat.  It  is 
then  allowed  to  cool  in  the  desiccator  and  weighed.  The 
precipitate  is  ignited  again  for  ten  minutes,  then  allowed  to 
cool,  and  weighed;  this  operation  being  repeated  until  the 
weight  is  constant. 

From  the  weight  of  the  BaS04  thus  obtained,  the  percent- 
age of  S04  may  be  calculated  in  the  manner  described  below. 

It  is  necessary  to  note  that  any  BaS04  adhering  to  the  filter 
paper  will  be  reduced  to  BaS.  If  this  is  present  in  any  appreci- 
able quantity  it  will  be  necessary  to  reconvert  it  into  BaS04  by  the 
following  procedure.  The  filter-ash  which  has  been  dropped  into 
the  crucible  is  'moistened  with  two  drops  of  dilute  HC1,  and  one 
drop  of  dilute  H2S04.  The  contents  of  the  crucible  are  then  very 
gently  heated  until  the  excess  of  acid  has  been  evaporated,  great 
care  being  taken  to  avoid  loss  by  spurting.  The  crucible  and  its 
contents  are  then  strongly  ignited. 

The  following  shows  the  method  of  entering  the  results, 
and  making  the  necessary  calculations. 

Example.  —  Determination  of  the  amount  of  sulphuric  acid 
in  copper  sulphate,  by  precipitation  as  barium  sulphate. 

Grams. 
Weight  of  tube  +  CuS04  (before)         ......       9-7612 

(after)   ........       8'6066 


Weight  of  OuSO4  taken 


Weight  of  crucible  4-  BaSO4  4-  ash     ......     17'<024 

„  alone  ............     16-5216 


1-0808 
Weight  of  filter  ash -0022 

BaSO,  1'0786 
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When  the  weight  of  a  precipitate  has  been  ascertained, 
it  is  necessary  to  calculate  that  of  the  constituent  the 
weight  of  which  we  wish  to  learn  ;  this  is  done  by  the  help 
of  the  atomic  weights  given  in  the  Appendix. 

In  the  present  example,  we  first  require  to  know  the 
amount  of  (S04)  which  is  equivalent  to  1*0786  grams, 
BaS04. 

The  molecular  weight  of  BaS04  =  233  (Ba=  137,  S  =  32, 

04  =  64  =  233),  and  this  contains  96  parts  by  weight  of  S04 
(S  =  32,  04  =  64  =  96). 

Then,  as  233  :  96  ::  1-0786  :  x.    x  =  0-4444  gram  S04. 

We  thus  have  0-4444  gram  S04,  from  1-1546  grams 
CuS04,5H20,  so,  to  obtain  the  percentage,  we  say — 

As  1-1546  :  100  : :  0-4444  :  x.    x  =  38-49  per  cent. 

That  is,  we  have  found  38-49  per  cent,  of  S04  in  the  CuS04 
5H20  operated  on. 

We  have  now  to  see  if  the  analysis  is  correct  or  not,  by 
checking  it  against  the  numbers  demanded  by  theory. 

The  molecular  weight  of  CuS04,5H20  =  249-5  (Cu=  63*5, 

5  =  32,  04  =  64,  5H20  =  90  =  249-5),  and  this  contains  96 
parts  by  weight  of  SO4,  consequently. 

As  249-5  :  100  ::  96  :s.    x  =  38-48  per  cent.,  hence  the 
error  in  the  estimation  =  —  0*01. 

A  difference  of  0  •  2  per  cent,  from  the  numbers  demanded 
by  theory,  or  from  the  result  of  a  duplicate  analysis,  is  the 
mean  maximum  error  which  is  usually  allowed  in  the  case  of 
simple  quantitative  estimations. 

ESTIMATION  OF  BARIUM  IN  A  SOLUBLE  COMPOUND. 

25.  Inasmuch  as  the  estimations  involving  the  same 
methods  of  manipulation  as  required  in  the  previous  ex- 
ample, are  amongst  those  most  frequently  occurring  in  gas- 
works, it  will  be  advisable  to  gain  further  experience  in  the 
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same,  by  estimating  the  amount  of  barium  in  a  soluble  salt, 
the  operations  being  almost  identical  with  those  described 
in  (24). 

The  'barium  is  precipitated  as  larium  sulphate,  and  weighed 
in  this  form. 

Weigh  out  from  a  weighing  bottle  about  1  gram  of  pure 
recrystallised  barium  chloride  (BaCl2,2H2O)  into  an  18- 
ounce  beaker;  dissolve  the  salt  in  about  100  cc.  of  di-tilled 
water  to  which  a  few  drops  of  dilute  hydrochloric  acid  have 
been  added.  Heat  the  solution  to  boiling,  and  add  an  ex- 
cess of  dilute  sulphuric  acid ;  keep  up  a  boiling  heat  until 
the  precipitate  becomes  compact  and  readily  settles  down. 
Allow  the  precipitate  to  settle  down  completely,  decant  the 
clear  liquor  through  a  No.  5  Swedish  filter,  wash  the  precipi- 
tate twice  with  hot  water  by  decantation,  filter,  and  finish 
the  washing  on  the  filter.  The  last  washings  must  give  no 
precipitate  with  BaCl2  solution.  Dry  the  precipitate  in  the 
water  oven,  and  ignite  it  as  described  under  the  estimation 
of  (S04).  (24.) 

From  the  weight  of  BaS04  thus  obtained,  the  percentage 
of  Ba  may  be  calculated. 

The  following  expresses  the  reaction : — 

BaCl2  +  H2S04  =  BaS04  +  2  HC1. 

Consequently  every  233  parts  of  BaS04  are  equivalent 
to  137  parts  of  Ba. 

ESTIMATION  OF  ARSENIC  AS  ARSENIOUS  SULPHIDE. 

26.  This  method  is  applicable  to  the  determination  of  sul- 
phuretted hydrogen  in  gas  liquor  or  in  crude  coal  gas. 

Weigh  out  accurately  a  little  more  than  half  a  gram  of 
pure  resublimed  arsenious  oxide,  place  it  in  an  18-ounce 
flask,  and  add  about  50  cc.  of  dilute  hydrochloric  acid. 
Heat  the  flask  on  a  water  bath  until  all  the  oxide  is  dis- 
solved, being  careful  not  to  allow  the  temperature  of  the 
solution  to  attain  100°  C.,  or  some  of  the  arsenic  will  be 
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volatilised  as  chloride.  A  few  drops  of  sulphurous  acid 
solution  are  then  added,  in  order  to  convert  any  As205  that 
may  be  present  into  As203,  and  the  heating  on  the  water 
bath  is  continued  until  all  smell  of  S02  has  ceased.  The 
arsenic  is  then  precipitated  as  As2S3,  by  passing  SH2  gas 
through  the  solution  in  the  following  manner.  The  flask 
containing  the  solution  of  As203  is  provided  with  a  doubly 
perforated  india-rubber  cork,  through  one  of  the  holes  in 
which  a  glass  tube  passes,  bent  at  right  angles,  and  reaching 
nearly  to  the  bottom  of  the  flask.  A  glass  tube  passes  through 
the  other  hole  also,  one  end  of  this  tube  terminating  just 
below  the  bottom  of  the  cork,  the  other  end  being  slightly 
contracted  in  order  to  prevent  air  from  diffusing  into  the  flask. 
Sulphuretted  hydrogen  gas  is  then  passed  through  the  first 
tube  into  the  liquid  in  a  gentle  stream,  until  the  liquid  is 
saturated  with  the  gas.  The  flask  is  then  left  for  some  hours 
in  a  warm  place,  in  order  to  ensure  complete  precipitation. 
In  very  accurate  experiments,  C02  gas  is  next  passed  through 
the  liquid  until  the  excess  of  SH2  is  removed.  During  the 
passage  of  the  C02,  the  liquid  is  gradually  heated  to  boiling  ; 
this  makes  the  precipitate  more  dense,  and  consequently 
more  easy  to  wash. 

If  care  is  taken  that  the  precipitated  As2S3  is  kept  covered, 
and  is  not  much  exposed  to  the  air,  the  passage  of  002  may 
be  omitted.  Filter  through  a  double  tared  filter  which  has 
been  dried  at  100°  C.  (20),  and  wash  the  precipitate  with  hot 
water  containing  a  little  H2S,  until  it  is  free  from  HC1.  Test 
the  filtrate  and  washings  to  see  if  all  the  As  is  precipitated, 
by  saturating  the  liquid  with  H2S  gas,  and  allowing  it  to 
stand.  If  any  further  precipitate  is  thrown  down,  add  it  to 
the  main  portion  on  the  filter. 

Dry  the  precipitate  at  100°  C.  in  the  water  oven  until 
the  weight  is  constant.  Since  the  precipitate  may  contain 
a  little  free  sulphur,  it  is  necessary  to  treat  it  with  carbon 
bisulphide  in  the  same  manner  as  described  under  cadmium 
(27).  After  this  treatment,  the  precipitate  is  again  dried  at 
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100°  C.,  and  is  finally  weighed.     From  the  weight  of  the 
As2S8  obtained,  the  percentage  of  As  is  calculated. 

As2S,      As, 

A  ctAct      iff\       weight  of  sulphide          •  •>,     /.  . 

As         246  :  150  ::  bt  i     d  :  weignt  ot  arsenic, 

198  parts  of  As2O3  should  yield  246  parts  of  As2S8. 

ESTIMATION  OF  CADMIUM,  AS  CADMIUM  SULPHIDE  (CdS). 

27.  This  method  may  be  employed  in  the  estimation  of  SH2  in 
crude  coal  gas  by  means  of  cadmium  chloride. 

Weigh  out  accurately  about  1  gram  of  pure  recrystallised 
cadmium  sulphate  (CdS04,4H20).  Dissolve  it  in  about  250 
c.c.  of  distilled  water,  and  add  a  few  drops  of  dilute  IIC1. 
Pass  a  current  of  SH2  into  this  solution,  until  it  smells 
strongly  of  the  gas.  Filter  off  the  precipitated  cadmium 
sulphide,  making  sure  that  all  the  cadmium  has  been  pre- 
cipitated, by  diluting  a  portion  of  the  filtrate  and  passing 
SH2  through  it  again.  If  no  further  precipitate  is  thrown 
down,  collect  on  a  tared  filter  (20)  and  wash  the  precipitate, 
first  with  diluted  sulphuretted  hydrogen  water  mixed  with 
a  little  HC1,  and  finally  with  pure  water.  Dry  the  filter 
and  precipitate  in  the  water  oven,  and  weigh.  The  pre- 
cipitate sometimes  contains  free  sulphur.  In  very  accurate 
determinations,  therefore,  the  dried  precipitate  should  be 
epeatedly  washed  with  carbon  bisulphide,  as  long  as  any 
residue  is  observed  on  evaporating  a  few  drops  of  the  wash- 
ings upon  a  clean  watch-glass.  The  precipitate,  after  this 
treatment,  is  again  dried  and  weighed,  any  difference  be- 
tween the  two  weighings  being  due  to  the  removal  of  free 
sulphur.  From  the  weight  of  CdS  obtained  the  percentage 
« >f  cadmium  may  be  calculated. 

CdS     Cd 
As         144:112:: 
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ESTIMATION  OF  CALCIUM. 

28.  This  method  is  applicable  to  the  determination  of  lime. 
The  calcium  is  precipitated  as  calcium  oxalate,  and  weighed 
either  as  carbonate  or  as  oxide. 

Weigh  out  accurately  into  an  18-ounce  beaker  about 
1  gram  (not  more)  of  pure  calcium  carbonate.  Moisten  it 
with  distilled  water,  and  dissolve  it  in  dilute  HC1.  The 
beaker  should  be  covered  with  a  clock-glass,  and  the  HC1 
added  very  cautiously,  so  as  to  prevent  loss  by  the  effer- 
vescence set  up  by  the  addition  of  the  acid.  The  resulting 
solution  is  then  diluted  with  distilled  water  to  about  100  c.c., 
and  the  liquid  heated  nearly  to  boiling ;  a  slight  excess  of 
solution  of  ammonia  is  then  added,  and  finally  a  moderate 
excess  of  ammonium  oxalate  solution,  after  adding  which  the 
liquid  is  allowed  to  stand.  As  soon  as  the  precipitate  has 
completely  subsided,  pour  off  the  supernatant  liquid  through 
a  filter,  being  careful  not  to  disturb  the  precipitate.  Wash 
the  precipitate  in  the  beaker  with  hot  water  two  or  three 
times  by  decantation ;  and  finally  transfer  the  precipitate  to 
the  filter  by  means  of  a  glass  rod  tipped  with  india-rubber 
tubing,  and  the  jet  of  the  wash-bottle.  The  washing  of  the 
precipitate  on  the  filter  is  then  continued,  until  the  last  por- 
tion of  the  wash-water  no  longer  turns  a  solution  of  nitrate 
of  silver  milky.  When  that  stage  is  reached,  the  filter  and 
precipitate  are  dried  in  the  water  oven.  The  next  operation 
is  to  convert  the  precipitate  of  calcium  oxalate  into  calcium 
carbonate.  The  precipitate  is  transferred,  as  completely  as 
possible,  to  a  platinum  crucible,  and  the  filter-paper  burnt  in 
a  platinum  wire  spiral  (196),  the  ash  also  being  allowed  to 
fall  into  the  crucible.  The  crucible  is  then  heated  with  the 
lid  on,  very  gently  at  first,  and  finally  to  very  faint  redness 
for  ten  minutes.  The  bottom  of  the  crucible  must  only 
appear  of  a  faint  red  colour  when  shaded  from  direct  light. 

The  crucible  is  then  placed  in  the  desiccator,  and  when 
cold  weighed.  During  the  process  of  ignition  of  the  above 
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precipitate,  especially  if  it  is  at  all  over-heated,  a  portion  of 
the  calcium  carbonate  is  often  converted  into  calcium  oxide 
(CaO);  hence,  after  the  first  weighing,  the  contents  of  the 
crucible  should  be  treated  with  a  little  strong  solution  of 
ammonium  carbonate,  which  converts  any  CaO  back  again 
into  CaC03.  It  is  then  placed  again  in  the  water  oven  to 
dry,  heated  to  faint  redness  for  a  few  minutes,  allowed  to 
cool,  and  weighed  once  more.  These  operations  are  all 
repeated,  until  the  weight  no  longer  increases  by  the  treat- 
ment. From  the  weight  of  CaC03  finally  obtained,  the 
percentage  of  calcium  may  be  calculated. 

Mol.  weight     Atomic  weight 
of  CaCO,  of  calcium 

As    100      :          40      : :      we*gkt  9*  CaC03    .     weight  of 

obtained  calcium. 

The  precipitate  of  calcium  oxalate  is,  however,  more 
readily  converted  into  CaO  than  into  CaC03,  especially  if  it 
is  small  in  amount,  say  not  much  more  than  1  gram. 

In  order  to  convert  the  precipitate  into  CaO,  the  crucible 
and  its  contents  are  heated  to  bright  redness  for  15  minutes 
over  the  blow-pipe  flame.  The  crucible  is  then  allowed  to 
cool,  and  weighed,  and  then  heated  again  for  5  minutes  in 
the  same  way,  cooled,  and  weighed.  These  operations  are 
then  repeated,  until  the  crucible  ceases  to  lose  weight.  The 
weight  of  substance  finally  obtained  when  the  weighings  are 
steady,  is  that  of  the  calcium  oxide  (CaO)  plus  the  filter  ash. 
From  the  weight  of  CaO  thus  obtained,  the  percentage  of 
calcium  may  be  calculated. 

Mol.  weight    Atomic  weight 
of  CaO  ofCa 

As       66        :         40      ::      weight  of  CaO        .      weight  of 

obtained  calcium. 

ESTIMATION  OF  IRON. 

29.  This  method  of  determination  is  applicable  to  the  analysis 
of  Bog  Ore. 
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The  iron  is  precipitated  as  ferric  hydrate  (Fe203,  3H2O). 
This  is  then  ignited  and  weighed  as  ferric  oxide  (Fe208). 

Weigh  out  accurately  about  1*5  grams  of  pure  ferrous 
ammonium  sulphate  Fe(NH4)2  (S04)2  6H2O  into  an  18-ounce 
beaker,  or  preferably  into  a  platinum  or  porcelain  basin. 
Dissolve  this  in  about  200  cubic  centimetres  of  distilled 
water,  containing  a  few  drops  of  dilute  sulphuric  acid.  Heat 
the  solution  with  sufficient  strong  nitric  acid  to  convert  the 
iron,  which  originally  was  in  the  ferrous  form,  into  the  ferric 
state.  This  change  may  be  known  to  be  nearly  effected  when 
the  further  addition  of  a  drop  of  strong  nitric  acid  does  not 
create  any  brown  colour  in  the  solution ;  but  the  change  to 
the  ferric  condition  should  be  proved  to  be  complete  by  add- 
ing a  drop  of  the  dilute  solution  to  a  drop  of  a  freshly  made 
solution  of  potassium  ferricyanide,  placed  on  a  white  porcelain 
tile,  when  no  blue  colour  should  appear.  While  the  solution 
is  still  hot,  add  an  excess  of  solution  of  ammonium  hydrate, 
and  boil.  The  precipitate  is  washed  once  by  decaiitation 
by  boiling  it  with  water,  and  is  then  transferred  to  a  filter, 
the  process  of  filtration  being  accelerated  by  the  use  of  the 
filter  pump. — (17)  The  washing  is  continued  until  the  latest 
washings  do  not  give  any  precipitate  when  boiled  with  a 
small  quantity  of  BaCl2  solution. 

The  precipitate  is  dried  in  the  water-oven  and  transferred 
to  a  crucible.  The  filter  is  burnt  apart  from  the  precipitate, 
being  added  to  the  latter,  which  is  then  ignited  at  a  bright 
red  heat  over  a  Bunsen  burner,  until  a  constant  weight  is  ob- 
tained. From  the  weight  of  Fe203  obtained,  the  percentage 
of  iron  may  be  calculated. 

Of  course,  if  the  iron  is  already  in  the  ferric  condition  it 
will  not  require  the  preliminary  treatment  with  HNOS,  but  may 
be  precipitated  at  once  with  AmHO  solution.  It  is  necessary  to 
note  that  the  presence  of  certain  non-volatile  organic  substances 
prevents  the  complete  precipitation  of  iron  from  its  solutions  by 
AmHO.  The  organic  substance  should  therefore  be  completely 
destroyed  before  precipitating  with  AmHO,  by  adding  carbonate 
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of  soda  and  nitrate  of  potash  to  the  solution,  evaporating  to  dry- 
ness,  and  fusing  the  residue.  (If  the  iron  is  in  the  solid  state, 
the  organic  matter  may  be  at  once  got  rid  of  by  ignition  at  a  red 
heat.) 

The  iron  is  then  dissolved  out  by  heating  with  dilute  HC1,  or 
a  mixture  of  HC1  and  HNOS,  and  the  filtered  solution  treated  as 
above. 

Fe2O,  Fe3 

As      160      :        112      ::       wei?ht  of      :      x  =  weiSht 

precipitate  of  Fe. 

ESTIMATION  OF  ALUMINA  (Ala09). 

30.  The  estimation  of  A1208  occurs  in  the  analysis  of  Bog 
Ore  and  in  fire-clay. 

The  A12O3  is  precipitated  by  AmHO  as  A1203,  3H20.  This 
is  converted  into  A120S  by  ignition,  and  is  weighed  in  this  form. 

Weigh  out  accurately  about  a  gram  and  a  half  of  pure 
recrystallised  potash  alum  A1K(S04)212H30  into  a  platinum 
or  porcelain  dish.  Dissolve  the  salt  in  about  150  c.c.  of 
distilled  water,  add  a  solution  of  ammonium  chloride  in 
moderate  quantity,  and  afterwards  a  slight  excess  of  am- 
monium hydrate  solution  (AmHO).  A  white  gelatinous 
precipitate  of  (A1203, 3H20)  will  form.  Cover  the  vessel 
with  a  clock-glass,  and  bring  the  solution  to  the  boiling 
point,  continuing  the  boiling,  until  the  liquid  has  only  a  faint 
smell  of  ammonia.  \Yash  the  precipitate  by  decantation 
and  transfer  it  to  a  filter,  employing  the  filter-pump  to 
accelerate  filtration.  Continue  washing  the  precipitate  on 
the  filter  until  it  is  free  from  dissolved  sulphate.  Dry  in  the 
water-oven,  and  ignite  the  precipitate  with  the  filter-paper 
in  a  platinum  crucible.  The  crucible  should  be  heated  gently 
at  first,  and  gradually  brought  to  a  white  heat  over  the  blow- 
pipe flame.  It  should  then  be  cooled  and  weighed,  the  igni- 
tion being  repeated  until  a  constant  weight  is  obtained. 

From  the  weight  of  precipitate  we  can  get  the  percentage 
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of  aluminium,  but  as  a  general  rule  aluminium  is  generally 
shown  in  analyses  as  combined  with  oxygen,  in  the  form  of 
alumina  A1203. 


SEPARATION  OF  IRON  AND  ALUMINA. 

81.  Weigh  out  into  a  platinum  basin  about  one  gram  of 
potash  alum  and  half  a  gram  of  pure  ferrous  sulphate. 
Dissolve  in  a  little  distilled  water,  add  hydrochloric  acid 
and  a  few  drops  of  nitric,  and  boil,  in  order  to  convert  the 
iron  into  the  ferric  state.  Then  dilute  to  about  20  c.c.  and 
add  sufficient  pure  potash  to  produce  a  strong  permanent 
precipitate.  Now  add  excess  of  strong  caustic  potash,  and 
keep  at  a  boiling  heat,  constantly  stirring  with  a  platinum 
rod  to  prevent  actual  boiling,  until  the  A12  O3  can  be  assumed 
to  have  passed  into  solution,  and  dilute,  first  as  far  as 
possible  in  the  platinum  basin,  then  by  instalments,  more 
largely,  in  a  Berlin  ware  basin  provided  with  a  spout,  and 
filter  oft7  the  ferric  hydrate  (Fe203,3H20).  Wash  the  pre- 
cipitate thoroughly  with  hot  water ;  the  result  is  that  sub- 
stantially the  iron  and  alumina  are  separated  from  each 
other.  In  general,  however,  what  should  be  ferric  oxide 
retains  a  more  or  less  considerable  portion  of  the  alumina. 
It  is  necessary,  therefore,  to  extract  this  alumina  by  re- 
dissolving  the  precipitate  with  hydrochloric  acid,  and 
repenting  the  treatment  with  potash.  The  crude  ferric 
hydrate  obtained  cannot  be  ignited  and  weighed  as  it  is,  as 
it  contains  a  certain  amount  of  combined  fixed  alkali  (KHO) 
which  it  carries  down  with  it  in  the  act  of  precipitation.  It 
is  requisite  to  dissolve  it  in  hydrochloric  acid,  re-precipitate 
it  by  ammonia,  and  ignite  it  as  in  (29).  From  the  alkaline 
liquors  precipitate  the  A120S,  by  adding  an  excess  of  NH4C1, 
and  heat  the  mixture  until  the  NH3  liberated  is  practically 
expelled,  then  treat  the  precipitate  as  in  (30).  For  a  check, 
determine  the  iron  and  alumina  conjointly  by  precipitating 
with  NH3  and  NH4C1. 
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ESTIMATION  OP  MAGNESIUM. 

82.  Weigh  out  about  one  gram  of  pure,  dry,  crystallised 
magnesium  sulphate,  place  it  in  a  half-pint  beaker,  and 
dissolve  it  in  about  50  c.c.  of  distilled  water.  Add  enough 
solution  of  ammonium  chloride  to  prevent  the  precipitation 
of  any  magnesia  on  adding  ammonia  (about  one  gram  of  solid 
NH4C1  will  be  sufficient),  the  ammonia  being  added  in 
considerable  excess.  A  solution  of  phosphate  of  soda  is  next 
added  (about  1  •  5  of  crystallised  phosphate  of  soda  dissolved 
in  water)  as  long  as  it  appears  to  produce  a  precipitate,  and 
the  solution  is  briskly  stirred  with  a  glass  rod,  but  without 
rubbing  the  sides  of  the  beaker ;  the  glass  rod  may  be  left 
in  the  beaker.  When  the  precipitate  has  subsided,  a  few 
drops  more  sodium  phosphate  are  added  to  the  clear  liquid,  in 
order  to  be  quite  sure  that  no  further  precipitate  is  produced. 
The  beaker  is  now  covered,  and  left  for  about  twelve  hours. 
The  precipitate  is  then  collected  upon  a  filter,  of  about  4 
inches  in  diameter  before  being  folded,  and  is  rinsed  on  the 
filter  with  distilled  water  containing  one-eighth  of  its  bulk 
of  strong  ammonia,  the  same  solution  being  subsequently 
employed  for  washing  the  precipitate,  the  washing  being 
continued  until  the  washings,  after  being  acidulated  with 
nitric  acid,  give  only  a  very  slight  turbidity  with  a  solution 
of  nitrate  of  silver. 

The  filter  is  then  dried  with  the  precipitate,  and  when 
dry,  as  much  of  the  precipitate  as  possible  is  transferred  to  a 
platinum  crucible,  which  is  then  gently  heated  (the  cover 
being  loosely  placed  on)  and  finally  ignited  at  a  red  heat. 
In  this  way,  the  precipitate  of  phosphate  of  magnesium  and 
ammonium  (MgNH4P04)  is  converted  into  magnesium 
pyropbosphate  (Mg2P2O7),  which  is  allowed  to  cool,  and 
weighed.  It  may  then  be  emptied  out  of  the  crucible  (pre- 
serving it  for  subsequent  examination  if  the  result  should 
not  prove  correct)  and  the  filter  may  be  incinerated  by 
igniting  it,  and  allowing  the  ash  to  drop  into  the  crucible 
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containing  the  precipitate.  When  cool,  the  crucible  is  again 
weighed,  when  the  total  weight  of  (Mg2P2O7)  will  be  obtained. 
(The  above  method  of  incineration  is  recommended  on 
account  of  the  filter-paper  in  this  case  being  very  difficult 
to  burn,  from  its  retaining  traces  of  phosphate,  and  it  can 
scarcely  be  heated  sufficiently  to  burn  oif  the  carbon  on  the 
top  of  the  mass  of  precipitate.) 

The  amount  of  magnesium  is  calculated  by  the  following 
proportion  :  — 

-sssr 


222-6         :          48-6 


ESTIMATION  OF  SILICA  IN  SILICATES. 

33.  This  method  of  estimation  is  used  in  the  analysis  of  fire- 
bricks and  fire-clay. 

The  silica  is  converted  into  the  insoluble  form  by  evaporating 
the  silicate  to  dryness  with  excess  of  acid.  It  is  then  rendered 
completely  anhydrous  by  ignition,  and  weighed  as  silica  (Si02). 

If  a  silicate  is  insoluble  in  acids  it  is  first  fused  with  six 
times  its  weight  of  fusion  mixture  (Na2C03  -f-  K2C03)  in  a 
covered  platinum  crucible  until  all  effervescence  ceases  ;  the 
fused  mass  is  then  separated  from  the  crucible  by  boiling  with 
hot  water  in  a  covered  evaporating  basin,  HC1  being  added 
if  required,  and  then  treated  as  below. 

If  the  silicate  is  soluble  in  water,  or  is  capable  of  being 
decomposed  by  strong  hydrochloric  or  nitric  acids,  it  may  be 
treated  at  once  as  below. 

A  suitable  substance  for  an  experimental  determination 
is  soluble  glass,  or  sodium  silicate,  which  is  one  of  the  soluble 
silicates,  and  consequently  will  not  require  the  operation  of 
fusion. 

Weigh  out  accurately  into  a  platinum  basin  about  one 
grain  of  soluble  glass  in  very  fine  powder,  and  moisten  the 
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powder  with  a  little  distilled  water.  Having  covered  the 
basin  with  a  clock-glass,  place  it  upon  a  water-bath,  and 
gradually  add  strong  HC1,  at  the  same  time  keeping  the 
contents  of  the  basin  constantly  stirred  up  by  the  aid  of  a 
glass  rod  rounded  at  the  end.  When  the  powder  is  com- 
pletely decomposed,  which  is  known  to  be  the  case  as  soon  as 
no  gritty  particles  are  felt  with  the  glass  rod,  remove  the 
clock-glass,  and  continue  the  heating  until  the  liquid  is 
evaporated  to  dryness.  The  mass  should  be  continually 
stirred  the  whole  time,  any  lumps  which  form  being  broken 
up  by  means  of  the  glass  rod.  When  the  powder  appears  to 
be  perfectly  dry  it  may  be  removed  to  a  sand-bath.  It  is 
then  gently  heated  with  a  small  Bunsen  flame  until,  on 
placing  a  cold  clock-glass  on  the  basin  for  a  few  seconds, 
there  is  no  appearance  of  any  moisture  on  the  clock-glass. 
All  the  silica  will  now  be  insoluble.  When  the  contents  of 
the  dish  are  cold,  moisten  the  powder  with  strong  HC1,  and 
warm  it  upon  the  water-bath ;  then  add  hot  distilled  water, 
stir  the  mixture  well,  allow  the  solid  portion  to  settle,  and 
decant  the  liquid  through  a  filter.  This  treatment  of  the 
residue  is  repeated  three  times.  The  residue  itself  is  then 
transferred  to  the  filter,  washed  thoroughly  with  hot  distilled 
water,  and  dried  in  the  water-oven.  The  silica  is  next  de- 
tached from  the  filter  as  completely  as  possible,  and  the  filter 
is  incinerated  in  a  coil  of  platinum  wire,  and  added  to  the 
precipitate.  The  crucible,  covered  with  its  lid,  is  then  gently 
heated,  care  being  taken  that  none  of  the  fine,  light  silica  is 
lost  by  being  carried  off  with  the  escaping  moisture ;  the  best 
way  of  preventing  this  being  to  apply  heat  to  the  crucible  very 
gradually,  and  only  after  some  little  time,  to  increase  the  tem- 
perature until  the  crucible  attains  a  bright  red  heat,  at  which 
it  must  be  kept  for  about  a  quarter  of  an  hour.  The  crucible 
is  then  cooled  in  the  desiccator,  and  when  cold  weighed 
in  the  usual  manner,  being  re-heated  and  weighed,  until  a 
constant  weight  is  obtained.  The  percentage  of  Si02  may 
then  be  calculated.  In  all  determinations  of  silica,  it  is 
necessary  to  test  the  SiO^  in  order  to  see  if  it  is  pure.  The 
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ignited  silica  is  heated  with  about  50  c.c.  of  a  saturated 
solution  of  sodium  carbonate  for  about  30  minutes.  The 
silica,  if  pure,  will  then  have  completely  dissolved.  Should 
any  residue  remain,  this  is  again  treated  with  sodium  car- 
bonate solution,  and  if  now  there  should  still  a  residue 
remain,  it  should  be  washed,  dried,  and  weighed.  This 
weight,  subtracted  from  the  weight  of  the  silica  obtained  in 
the  first  instance,  will  give  the  corrected  weight  of  the  silica. 
The  dried  residue  is  then  fused  with  alkaline  carbonates,  the 
mass  when  cool  is  treated  with  HC1,  and  the  Si02  is  separated 
and  estimated  as  above  described. 

The  weight  of  Si02  thus  found  should  be  added  to  the 
corrected  weight  obtained  above. 

From  the  total  weight  of  Si02,  the  percentage  of  Si02  may 
be  calculated. 

ESTIMATION  OF  C02  IN  A  CARBONATE. 

34.  Two  methods  of  estimating  the  above  are  given.  The  first 
method  is  by  weighing  the  C02  evolved  on  treating  the  carbonate 
with  an  acid  ;  the  second  by  finding  the  loss  of  weight  which  the 
carbonate  suffers  by  the  removal  of  C02.  These  methods  may  be 
employed  in  the  testing  of  the  fresh  and  spent  lime  met  with  in 
gasworks. 

(1)  By  direct  weighing.  The  C02  is  driven  off  on  treating 
the  carbonate  with  an  acid,  and  then  absorbed  by  means  of 
soda  lime  in  U  tubes  and  weighed. 

Pure  calcium  carbonate,  or  crystals  of  Iceland  spar,  may 
be  employed  in  the  estimation. 

The  apparatus  used  is  shown  in  Fig.  24. 

A  conical  flask  a,  having  a  capacity  of  from  100  to 
150  cubic  centimetres,  is  fitted  with  an  india-rubber  cork 
pierced  with  two  holes.  Through  one  of  the  holes  a  50  c.c. 
pipette  b  passes,  this  being  filled  with  dilute  HC1  for  the 
decomposition  of  the  carbonate  before  the  experiment  is 
started.  The  lower  end  of  the  pipette  should  defend  to 
within  about  1  inch  from  the  bottom  of  the  flask,  and  be 
drawn  out  to  a  fine  point.  To  the  other  end  of  the  pipette 
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a  piece  of  india-rubber  tubing,  about  8  or  9  inches  long  is 
attached,  and  this  connects  the  pipette  with  the  U  tube 
c  filled  with  soda  lime.  This  U  tube  is  open  to  the  atmo- 
sphere at  one  end,  and  is  intended  to  remove  the  C02  from 
the  air,  when  it  is  required  to  aspirate  the  same  through  the 
apparatus.  The  india-rubber  tube  is  provided  with  a  screw 
pinch-cock,  so  as  to  open  or  close  the  connection  with  the 
U  tube  c  at  pleasure.  Through  the  other  hole  in  the  cork 
of  the  flask  a  piece  of  glass  tubing,  bent  at  right  angles,  is 


FIG.  24. 

inserted  to  the  depth  of  about  an  inch.  This  serves  to  connect 
the  outlet  of  the  flask  with  the  remaining  portions  of  the 
train  of  apparatus,  consisting  of  bulb  and  U  tubes,  connected 
by  means  of  india-rubber  tubing  as  shown.  These  are 
intended  for  drying,  purifying,  and  absorbing  the  C02  gas 
given  on0  in  the  flask  a.  The  bulb  tube  d  contains  strong 
sulphuric  acid,  and  its  object  is  to  free  the  gas  from  moisture ; 
but  it  is  also  useful  in  denoting  the  speed  at  which  the  gas 
or  air  issues  from  the  flask  a/.  Liebig's  potash  bulbs  answer 
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well  for  the  purpose.  The  acid  should  about  half  fill  the  three 
bottom  bulbs.  The  U  tube  e  has  the  limb  nearest  to  the 
bulb  tube  filled  with  fragments  of  calcium  chloride,  the 
other  limb  being  filled  with  fragments  of  pumice  impreg- 
nated with  dehydrated  sulphate  of  copper,  in  order  to  absorb 
the  vapours  of  HC1  given  off  during  the  heating  of  the 
flask  a.  The  stoppered  tube  /  is  the  one  intended  for  the 
absorption  of  the  C02  from  the  carbonate,  and  has  the  limb 
next  to  e,  and  half  the  other  limb,  filled  with  crushed  soda- 
lime,  the  remaining  portion  of  the  limb  being  filled  up  with 
fragments  of  calcium  chloride.  During  the  process  of 
absorbing  C02  the  soda-lime  becomes  heated,  and  in  con- 
sequence moisture  is  evolved,  this  is  taken  up  by  the  calcium 
chloride  in  the  upper  part  of  the  limb,  otherwise  loss  of 
weight  would  occur  by  reason  of  the  escape  of  moisture. 
The  remaining  tube  g  is  filled  with  fragments  of  calcium 
chloride,  and  is  connected  with  a  water  aspirator  h,  which  is 
employed  to  draw  a  current  of  air  through  the  flask  and  tubes 
at  the  end  of  the  experiment,  so  as  to  cause  all  the  C02  to 
be  sent  forward  to  the  absorption  tube  /. 

The  U  tubes  employed  may  be  of  two  kinds,  those  not 
requiring  to  be  weighed  being  of  the 
form  shown  in  Fig.  25.  They  are 
prepared  for  use  as  follows.  In  the 
first  place  they  are  washed  perfectly 
clean  with  ordinary  water,  and  finally 
rinsed  with  distilled  water  They 
are  then  dried  in  the  water-oven,  and 
when  quite  dry  they  are  ready  for 
filling.  Before  filling  them,  however, 
it  is  necessary  to  see  that  the  absorb- 
ent is  in  a  proper  condition,  by  crush- 
ing any  large  lumps  and  by  rejecting  any  fine  powder  that 
may  be  present.  This  is  necessary  for  the  reason  that  as  the 
absorbent  takes  up  the  gas  by  surface  contact,  the  smaller 
the  lumps,  the  larger  is  the  absorbent  surface  presented 
to  the  current  of  the  gas.  On  the  other  hand,  if  the  ab- 
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sorbent  were  in  the"  state  of  fine  powder,  this  would  more  or 
less  completely  fill  up  interstices,  and  in  this  way  impede, 
or  even  entirely  stop  the  passage  of  the  gas.  An  absorbent 
may  be  prepared  in  a  proper  condition  for  use  in  the 
following  manner.  The  substance  is  first  coarsely  powdered 
in  a  porcelain  mortar,  and  the  resultant  powder  is  shaken  upon 
a  fine  brass  wire  sieve,  of  about  twenty  strands  to  the  inch, 
the  sieve  being  perfectly  clean  and  dry.  The  portion  passing 
through  the  sieve  is  rejected ;  the  remainder  is  then  passed 
through  a  coarser  sieve  of  only  eight  strands  to  the  inch,  so 
as  to  separate  out  the  larger  lumps.  The  smaller  particles 
which  pass  through  this  sieve  may  then  be  used  for  filling 
the  absorption  tubes,  and  the  larger  lumps  remaining  behind 
are  broken  up  again  in  the  mortar,  and  again  sifted  as 
above.  The  U  tube  is  then  filled  with  the  absorbent  up  to 
the  level  of  the  side  tubes,  and  a  loose  plug  of  cotton-wool 
placed  on  the  top,  so  as  to  prevent  small  particles  of  the 
absorbent  from  being  carried  through  the  side  tubes  by  the 
issuing  gas  current.  Two  sound  corks  are  then  selected  so 
as  to  tightly  fit  the  open  ends  of  the  U  tubes,  and  when 
fitted  into  the  tubes,  the  top  of  the  cork  is  cut  off  level  with 
the  top  of  the  tube ;  finally  the  top  of  the  cork  is  coated  with 
melted  sealing  wax,  so  as  to  make  it  perfectly  gas-tight. 

When  the  absorbent  is  in  the  tube,  it  is  most  essential  to 
protect  it  from  contact  with  the  atmosphere,  and  this  may 
be  effected  by  pushing  over  the  side  tubes  short  pieces  of 
india-rubber  tubing,  closed  with  small  pieces  of  glass  rod. 
These  plugs  are  only  removed  when  the  U  tubes  are  being 
connected  up  for  use,  or  while  they  are  being  weighed.  Tubes 
c  and  g  are  filled  in  the  manner  above  described. 

The  copper  sulphate  on  pumice  contained  in  the  tube  e  is 
prepared  in  the  following  manner. 

Lumps  of  pumice  are  broken  up  and  gifted  as  just  de- 
scribed, and  the  sifted  particles  are  then  heated  with  a 
moderately  strong  solution  of  copper  sulphate.  The  excess  of 
liquid  is  poured  off,  and  the  pumice,  which  is  now  thoroughly 
saturated  with  the  solution,  is  heated  in  an  air-oven  to  a 
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temperature  of  200  C.,  until  dehydrated,  as  shown  by  the 
blue  colour  of  the  salt  disappearing.  It  may  then  be  used 
for  partially  filling  the  tube  e. 

For  the  absorption  tube  /,  which  contains  soda-lime  for  the 
purpose  of  taking  up  the  C02,  as  this  tube  is  weighed,  it 
will  be  more  convenient  to  use  the  modern  form  of  stoppered 
U  tube.  These  stoppered  tubes  differ  from  those  ordinarily 
employed,  by  having  a  hollow  stopper,  ground  into  the 
upper  part  of  each  limb.  At  the  side  of  the  hollow  stopper, 
and  on  a  level  with  the  opening  of  the  side  tube,  is  a  per- 
foration, so  that  by  simply  turning  the  stopper  round, 
communication  between  the  U  tube  and  the  side  tube  may 
be  opened  or  closed  as  required ;  and  as  the  stoppers,  when 
greased  with  a  little  resin  cerate  or  vaseline,  close  the  tube 
quite  tightly,  contact  of  the  absorbent  with  the  atmosphere 
may  be  prevented  by  simply  turning  the  stopper;  con- 
sequently it  is  not  necessary  to  cover  the  side  tubes,  as  in  the 
ordinary  form  of  U  tube.  A  plug  of  cotton-wool  is  loosely 
inserted  in  these  stoppers,  so  as  to  prevent  small  particles  of 
the  fragments  from  being  carried  out  of  the  tube.  The 
soda-lime  for  filling  the  tube  /  may  either  be  purchased,  or 
prepared  in  the  following  manner.  Slake  200  grains  of  the 
best  flare  lime  to  a  fine  powder.  Add  400  cubic  centimetres  of 
syrupy  caustic  soda  solution.  Make  into  a  paste,  dry  quickly 
in  a  large  copper  dish  protected  from  the  access  of  C02,  and 
granulate  by  constant  stirring. 

The  tube  is  then  filled  with  this  material  in  the  manner 
already  described.  The  aspirator  h  may  be  improvised  from 
a  Winchester  quart  bottle  in  the  following  manner: — 

A  sound  cork  is  selected  to  fit  the  neck  of  the  bottle,  and 
pierced  with  two  holes,  Into  one  of  the  holes  a  piece  of 
glass  tube,  bent  at  right  angles,  is  inserted,  so  as  to  just  pass 
through  the  cork.  Through  the  other  hole,  another  glass 
tube  bent  at  right  angles  passes,  but  in  this  case  it  passes  to 
the  bottom  of  the  bottle.  When  in  use,  a  piece  of  india- 
rubber  tubing  is  attached  to  the  longer  glass  tube,  reaching 
b<  low  the  level  of  the  bottom  of  the  bottle,  in  order  that  it 
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may  act  as  a  syphon.  At  the  bottom  of  the  india-rubber 
tube  there  is  a  screw  pinch-cock,  in  order  to  regulate  the 
flow  of  the  water.  When  required  for  use,  the  bottle  is 
filled  with  water,  and  suction  is  applied  to  the  syphon  tube 
until  it  is  also  filled  with  water.  As  soon  as  this  tube  is  filled, 
a  continuous  stream  of  water  will  continue  to  flow.  After  the 
suction  is  stopped  air  will  replace  the  water  in  the  bottle, 
and  in  this  way  a  continuous  current  of  air  can  be  drawn 
through  the  train  of  apparatus  when  they  are  attached  to  the 
shorter  tube  in  the  bottle.  The  rate  of  aspiration  is  con- 
trolled by  the  screw  pinch-cock.  The  next  operation  is  to 
test  the  apparatus  for  soundness.  The  tubes  and  flask  are 
connected  up  by  means  of  short  pieces  of  india-rubber  tubing, 
the  glass  tubes  "  butting  "  against  each  other.  To  the  end 
tube  g  a  piece  of  glass  tubing  is  attached,  dipping  into  a 
beaker  of  water.  Gentle  suction  is  then  applied  at  the 
outlet  of  the  tube  c  until  the  water  rises  to  about  the  height 
of  6  inches  in  the  glass  tube  attached  to  g.  The  screw  pinch- 
cock  on  6  is  then  closed.  If  the  level  of  the  water  in  the  glass 
tube  does  not  alter  during  the  space  of  ten  minutes,  we  may 
safely  conclude  that  the  apparatus  is  air-tight,  but  if  the  level 
of  the  water  in  the  tube  falls  the  apparatus  leaks  somewhere. 

The  position  of  the  leakage  must  be  discovered  and 
remedied  by  binding  the  leaky  joints  with  fine  copper  wire, 
and,  if  necessary,  replacing  any  defective  india-rubber  tubes 
with  new  ones.  When  all  the  joints  have  been  made  tight, 
the  soda-lime  absorption  tube  /,  previously  wiped  clean  and 
dry,  is  carefully  weighed,  and  replaced  in  the  train  of  appa- 
ratus. About  1  gram  of  calcium  carbonate  is  then  accurately 
weighed  and  placed  in  the  flask  a. 

The  pipette  b  is  then  filled  by  suction  with  dilute  hydro- 
chloric acid  (1  :  3),  the  acid  being  retained  in  the  pipette 
by  the  screw  pinch-cock.  The  cork  carrying  the  pipette  is 
then  inserted  in  the  flask  a,  and  is  bound  down  to  the  neck 
of  the  flask,  if  necessary,  by  means  of  thin  copper  wire. 

The  aspirator  and  the  II  tube  c,  not  being  required  until 
a  later  stage  of  the  process,  are  not  connected  for  the  present. 


SIMPLE   GRAVIMETRIC   DETERMINATIONS.  65 

The  pinch-cock  on  the  pipette  is  now  slightly  opened,  so 
as  to  allow  the  acid  to  slowly  fall  on  the  CaC03  in  the  flask. 
Carbonic  acid  gas  is  given  off,  and  drives  forward  the  air 
in  the  flask  through  the  train  of  apparatus.  The  bubbles  of 
C02  should  not  pass  through  the  bulbs  containing  sulphuric 
acid,  at  a  greater  speed  than  that  at  which  the  bubbles  can 
be  easily  counted.  When  all  the  acid  has  passed  out  of  the 
pipette  into  the  flask,  the  pinch-cock  on  the  pipette  is  closed, 
and  as  soon  as  gas  has  entirely  ceased  being  evolved,  the 
point  of  the  pipette  is  gently  pushed  down  beneath  the 
surface  of  the  liquid  in  the  flask.  The  U  tube  c,  and  the 
aspirator  6,  are  now  connected  to  the  rest  of  the  apparatus, 
the  pinch-cock  on  the  pipette  is  opened,  and  the  aspirator 
gently  started.  A  small  Bunsen  burner  is  then  placed  under 
the  flask  a,  so  as  to  cause  the  contents  of  the  flask  to  be  in  a 
state  of  incipient  ebullition,  in  order  to  drive  off  all  dis- 
solved C02.  The  current  of  air  drawn  through  by  the 
aspirator  replaces  the  C02  gas  in  the  apparatus  in  front  of 
the  weighed  soda-lime  tube  /,  and  carries  it  forward  into  the 
latter  tube.  The  speed  of  the  air  passing  through  should  be 
such  that  the  bubbles  can  be  counted  as  they  pass  through 
the  drying  bulb  d,  the  speed  being  regulated  by  the  pinch- 
cock  on  the  syphon  pipe  leading  from  the  aspirator.  In 
order  to  expel  the  whole  of  the  C02,  a  volume  of  air  equa 
to  about  six  times  the  capacity  of  the  flask  should  be  drawn 
through  the  apparatus.  A  guide  as  to  whether  the  C02  has  all 
been  absorbed,  may  be  found  in  the  temperature  of  the  soda- 
lime  tube.  At  the  commencement  of  the  experiment  it  will  be 
noticed  that  the  soda-lime  tube  becomes  very  hot,  owing  to  the 
heat  generated  by  the  chemical  combination  of  the  C02  and  the 
soda  lime ;  but  as  the  absorption  ceases,  and  air  alone  passes 
through,  the  tube  becomes  cool ;  hence,  when  the  soda-lime 
tube  attains  its  normal  temperature  again,  the  greater  part  of 
the  C02  gas  will  have  been  absorbed.  When  sufficient  air 
has  been  drawn  through,  the  aspirator  is  shut  off,  and  the 
stoppers  of  the  soda-lime  tube  are  turned  so  as  to  close  the 
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inlet  tubes,  the  soda-lime  tube  is  disconnected,  and  after 
standing  for  about  half  an  hour  is  weighed.  Any  increase 
in  weight  over  the  weight  at  the  commencement  of  the 
experiment  is  the  amount  of  C02  given  off  from  the  calcium 
carbonate  experimented  on,  and  from  these  weights,  the 
percentage  of  C02  in  the  CaCOg  can  be  calculated. 

(2)  Estimation  of  C02  by  difference.  The  CO2  gas  is  ex- 
pelled by  treating  the  carbonate  with  an  acid  in  a  suitable 
apparatus,  the  loss  of  weight  observed 
being  the  amount  of  CO2  driven  off. 
This  method  is  more  adapted  for  carbon- 
ates which  are  completely  decomposed 
by  H2S04,  since,  when  more  volatile  acids 
(HC1,  &c.)  are  employed,  the  results  are 
generally  too  high,  owing  to  some  of  the 
acid  being  driven  off  by  the  heating  at 
the  latter  stage  of  the  experiment.  The 
apparatus  known  as  "  Schrotters,"  Fig. 
26,  may  be  employed  in  the  determina- 
tion. It  is  made  of  thin  blown  glass, 
and  its  total  weight  should  not  exceed 
50  grams.  It  consists  of  a  flask  a,  in 
which  the  decomposition  of  the  carbonate 
takes  place. 

Communicating  with  the  flask  there  are  two  compart- 
ments, 6,  and  c,  also  an  opening  d,  provided  with  a  glass 
stopper,  for  the  purpose  of  introducing  the  carbonate  into  the 
flask.  The  compartment  b  is  filled  with  dilute  acid,  which 
is  subsequently  gradually  allowed  to  fall  into  the  flask  a 
for  the  purpose  of  decomposing  the  carbonate  by  turning 
the  stop-cock.  The  compartment  c  is  half  filled  with 
strong  sulphuric  acid,  for  the  purpose  of  drying  the  C02 
gas  before  it  leaves  the  apparatus.  The  gas  passes  up 
through  the  vertical  inner  tube,  then  down  again,  and  out 
through  the  two  holes  at  the  bottom  of  the  second  tube. 
It  then  bubbles  up  through  the  strong  sulphuric  acid 
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before  escaping  through  the  upper  exit  tube  into  the  air. 
The  experiment  is  made  as  follows.  About  1  gram  of 
the  carbonate  (say  sodium  carbonate)  is  accurately  weighed 
and  introduced  into  the  flask  a,  by  the  opening  d.  The 
compartment  b  is  then  nearly  filled  with  dilute  sulphuric 
acid  (1:5),  and  the  compartment  c  is  half  filled  with  strong 
sulphuric  acid.  The  whole  apparatus  is  then  accurately 
weighed.  The  dilute  acid  is  now  gradually  allowed  to 
fall  into  a  by  gently  turning  the  stop-cock.  As  soon  as 
the  acid  begins  to  act  on  the  carbonate,  bubbles  of  gas 
will  be  observed  passing  through  the  strong  acid  in  c,  and 
it  is  requisite  to  regulate  the  speed  at  which  they  pass 
by  adjusting  the  rate  of  admission  of  the  dilute  acid,  so  that 
the  separate  bubbles  can  be  easily  counted.  If  the  bubbles 
pass  more  rapidly  than  this,  the  gas  will  be  imperfectly 
dried.  When  all  the  dilute  acid  has  flowed  into  the  flask, 
and  bubbles  of  gas  are  no  longer  observed,  the  apparatus  is 
placed  upon  a  piece  of  wire  gauze  on  an  iron  tripod,  over  a 
small  Bunsen  burner.  At  the  same  time,  the  aspirator 
employed  in  the  previous  experiment  is  attached  by  means 
of  a  piece  of  india-rubber  tubing  to  the  exit  tube  of  c,  and  a 
gentle  current  of  air  is  drawn  through  the  flask.  The  liquid 
is  then  kept  in  a  state  of  incipient  ebullition,  until  a  volume 
of  air  equal  to  about  three  times  the  capacity  of  the  appa- 
ratus has  been  drawn  through  it.  The  flask  is  then  allowed 
to  cool,  and  when  cold  weighed.  The  loss  of  weight  sustained 
gives  the  weight  of  C02  in  the  sodium  carbonate  operated  on, 
As  the  results  by  this  method  are  usually  too  high,  it  is  not 
adapted  for  very  accurate  determinations.  The  error  is  due 
to  the  loss  of  water  and  acid  during  the  heating  and 
aspiration. 

Note. — If  sulphites  or  sulphides  are  present,  in  addition 
to  a  carbonate,  as  is  sometimes  the  case  with  spent  lime, 
their  injurious  influence  is  best  obviated  by  adding  to  the 
substance  a  solution  of  yellow  chromate  of  potash,  in  more 
than  sufficient  quantity  to  effect  their  oxidation. 

F  2 


68    THE  GAS  ENGINEER'S  LABORATORY  HANDBOOK. 


PAET  TIL 

VOLUMETRIC    ANALYSIS. 

Introductory  Remarks. 

THE  main  principle  upon  which  the  system  of  volumetric 
analysis  depends,  is  that  of  submitting  the  substance  to  be 
estimated  to  certain  characteristic  reactions,  such  reactions 
being  produced  by  the  employment  of  solutions  of  known 
strength;  and  from  the  volume  of  solution  necessary  to 
produce  such  a  reaction,  the  weight  of  the  substance  is 
determined  by  the  aid  of  the  laws  of  chemical  equivalence. 

The  following  conditions  are  therefore  essential  to  the 
successful  carrying  out  of  analyses  on  the  volumetric  system, 
as  applied  to  liquids  and  solids. 

(1)  The  provision  of  a  solution  of  a  suitable  reagent,  the 
chemical  power  of  which  is  accurately  known,  called  the 
"  standard  solution." 

(2)  The   provision  of  a  graduated  vessel,   from  which 
portions  of  the  standard  solution  may  be  exactly  delivered, 
such  vessel  being  known  as  a  "  burette." 

(3)  The  reaction  produced  by  the  standard  solution  with 
any  given  substance  must,  either  in  itself  or  by  an  indicator, 
be  such  that  its  termination  is  strikingly  apparent  to  the 
eye  of  the  observer,  and  the  quantity  of  the  substance  with 
which  it  has  combined  accurately  determined  thereby. 

The  following  example  of  the  estimation  of  the  amount 
of  chlorine  in  a  substance,  by  means  of  a  solution  of  nitrate 
of  silver,  will  serve  as  an  illustration  of  the  method  of 
volumetric  analysis.  The  estimation  depends  upon  the  fact, 
that  if  we  add  to  a  solution  of  a  chloride  a  solution  of  silver 
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nitrate,  in  the  presence  of  a  solution  of  potassium  chromate, 
as  soon  as  the  silver  nitrate  is  added  in  excess,  it  produces  a 
permanent  dark  red  precipitate  of  silver  chromate;  con- 
sequently the  appearance  of  a  slight  red  coloration 
throughout  the  whole  of  the  liquid,  is  an  indication  of  the 
completion  of  the  reaction. 

The  following  equation  shows  what  takes  place : — 

NaCl  +  AgN08  =  AgCl  +  NaN08. 

Consequently,  if  we  have  a  solution  of  nitrate  of  silver, 
prepared  by  adding  a  definite  weight  of  that  substance  to  a 
known  volume  of  water,  on  adding  this  solution  to  a  solution 
of  sodium  chloride,  until  the  reaction  mentioned  above  takes 
place,  every  170  parts  of  nitrate  of  silver  required,  indicates 
the  presence  of  35 '5  parts  of  chlorine,  or  the  equivalent 
weight  of  any  chloride. 

In  an  estimation  of  the  amount  of  chlorine  in  a  substance 
by  this  method,  a  solution  of  silver  nitrate  was  employed 
which  contained  one-tenth  of  the  molecular  weight  of  silver 
nitrate,  or  17*00  grams  per  litre  (=  1,000  cubic  centimetres)  ; 
consequently,  from  the  equation  previously  given,  each  c.c.  of 
the  solution  was  equivalent  to  0*00355  gram  of  chlorine. 
2 '6223  grams  of  the  substance  were  weighed  out  and 
dissolved,  and  required  27*5  c.c.  of  the  silver  solution  for 
neutralisation. 

Consequently  the  weight  of  chlorine  in  the  substance 
«=  0-00355  x  27*5  =  0-097625  gram,  and  the  percentage 

0*097625  X  100 
weight  of  chlorine 2*6223 = 

The  operation  of  determining  the  amount  of  pure  sub- 
stance in  any  solution  by  means  of  standard  solutions  is 
termed  "  titration."  The  term  is  more  applicable  to  the 
operation  than  testing  or  analysing,  as  these  expressions 
may  apply  equally  to  qualitative  and  quantitative  examina- 
tions, whereas  titration  can  only  relate  to  quantitative 
examinations. 
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Volumetric  determinations  may  be  broadly  classified  into 
three  methods : — 

(1)  The  determination  of  the   substance  is  effected  by 
saturation  with   another    substance  of  opposite   properties. 
This  class  embraces  the  analysis  of  acids  and  alkalies,  and 
alkaline  earths,  and  is  the  one  which  is  the  most  frequently 
used  in  gasworks. 

(2)  The  determination  of  the  substance  is  effected,  by  a 
reducing  or  oxidising  agent  of  known  strength,  the  principle 
oxidising  agents  being  potassium  permanganate,  potassium 
bichromate,   and  iodine,    and    the    corresponding    reducing 
agents,  ferrous  and  stannous  compounds,  and  sodic  thiosul- 
phate.     This  method  of  analysis  is  employed  in  the  analysis 
of  oxide  of  iron,  and  of  Weldon  Mud. 

(3)  The   determination   of  the  substance  is  effected  by 
precipitating  it  in  an  insoluble  and  definite  combination,  as 
in  the  case  of  the  determination  of  chlorine,  previously  de- 
scribed. 

NOTES  ON  THE  MEASUREMENTS  OF  LIQUIDS  AS  APPLIED  TO 
VOLUMETRIC  ANALYSIS. 

35.  The  metric  system  of  weights  and  measures  is  the 
one  usually  adopted  in  systematic  volumetric  analysis,  and 
the  capacities  of  the  different  measuring  vessels  employed 
are  based  on  the  volume  occupied  by  the  weight  of  1  gram 
of  distilled  water  at  a  temperature  of  15 -5°  C.  =  60°  F.,  this 
volume  being  called  a  cubic  centimetre.  A  litre  weighs 
1000  grams,  and  has  a  capacity  of  1000  cubic  centimetres. 

It  is  necessary  to  point  out,  however,  that  this  is  not  the 
true,  or  normal  cubic  centimetre,  as  the  latter  contains  1 
gram  of  distilled  water  at  its  greatest  density,  viz.  4°  C.,  or 
39°  F.,  but  as  this  is  a  temperature  not  often  attainable  in 
this  country,  it  is  better  to  adopt  the  temperature  most  easily 
attained,  viz.  15*5°  C.,  or  60°  F.  The  true  cubic  centimetre 
(i.e.  =  1  gram  at  4°  C.,  or  39°  F.)  contains  only  0.998981 
gram  at  60°  F. ;  but  as  the  measuring  vessels  are  used  for 
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ascertaining  relative,  and  not  absolute  volumes  of  liquids,  if 
all  the  vessels  employed  are  graduated  on  the  same  basis  no 
error  can  arise. 

If  necessary,  the  contents  of  a  vessel  can  be  reduced  to 
absolute  volume  by  means  of  a  correction  based  on  the 
expansion  of  water  at  different  temperatures,  as  given  in  the 
Appendix. 

It  is  very  essential  to  see  that  the  temperature  is 
constant  when  graduating  measuring  vessels,  since  the 
volume  of  a  liquid  alters  very  considerably  under  different 
changes  of  temperature.  Glass  measuring  vessels  are  always 
marked  with  the  temperature  at  which  the  liquid  is  to  be 
measured  in  them. 

36.  Measuring  vessels  are  required  either  to  measure  or 
to  deliver  liquids,  and  the  capacity  of  a  glass  vessel  is  indi- 
cated by  a  horizontal  line  scratched  upon  its  surface,  which 
shows  its  capacity  to  that  particular  level.  Some  vessels  are 
intended  both  to  measure  and  to  deliver  liquids.  In  this  case 
it  is  necessary  to  have  two  marks;  one  of  these  is  for  the 
purpose  of  measuring  the  volume  of  a  liquid,  the  other  serves 
to  deliver  the  same  volume. 

The  surface  of  liquids  contained  in  narrow  tubes  is 
always  curved,  by  reason  of  the  capillary  attraction  exerted 
by  the  sides  of  the  tube,  and  in  consequence,  it  is  rather 
difficult  to  obtain  a  distinct  level  in  the  liquid  to  be  measured. 
If,  however,  the  lowest  point  of  the  curve  or  meniscus  is 
caused  to  coincide  with  the  graduation  mark,  a  correct  read- 
ing is  always  obtained. 

While  the  volume  of  a  liquid  is  being  read  off  it  is  very 
essential  that  the  measuring  vessel  is  placed  in  a  perfectly 
vertical  position. 

The  accuracy  of  all  measuring  vessels  should  be  carefully 
gauged  or  "  calibrated,"  by  weighing  definite  amounts  of 
distilled  water  in  them,  at  a  temperature  of  15*5°  C. 

The  vessels  usually  required  in  volumetric  analysis 
are  measuring  flasks,  test  mixers  or  measuring  cylinders, 
pipettes,  and  burettes. 
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Measuring  Flasks. 

37.  A  convenient  series  of  measuring  flasks  is  the  follow- 
ing : — (1)  1000  C.G.,  (2)  500  c.o.,  (3)  250  c.c.,  and  100  c.c.  The 
flasks  should  be  fitted  with  well-ground  glass  stoppers,  and 
the  graduation  marks  of  each  flask  should  be  near  the  middle 
of  the  neck,  which  should  be  narrow,  in  order  to  ensure 
accurate  readings.  The  space  between  the  marks  and 
stopper  allows  the  liquid  to  be  more  readily  mixed  by  agita- 
tion. The  flasks  should  be  made  thin  enough  to  stand  being 
heated  without  risk  of  fracture.  Fig.  27  shows  a 
convenient  form  of  litre  flask. 

Measuring  flasks  are  used  both  for  measuring 
and  for  delivering  liquids,  consequently  two 
marks  are  required.  When  the  flask  is  filled  to 
the  lower  mark  it  contains  a  certain  volume,  and 
when  it  is  filled  to  the  upper  mark,  the  same 
volume  can  be  poured  out,  or  delivered  from  the 
flask. 

FIG.  27.  Before  a  measuring  flask  is  used,  it  is  neces- 

sary to  ascertain  whether  it  contains  or  delivers 
exactly  the  volume  marked  upon  it  at  the  given  tempera- 
ture, this  operation  being  known  as  "calibration." 

In  order  to  calibrate  a  flask  for  containing  or  measuring, 
it  is  first  made  quite  clean  and  dry.  It  is  then  placed  upon 
the  pan  of  a  sensitive  balance,  and  gram  weights  equal  in 
value  to  the  number  of  cubic  centimetres  which  the  flask 
should  contain,  are  placed  on  the  pan  beside  the  flask.  The 
flask  and  weights  are  then  exactly  counterpoised  by  means 
of  lead  shot  placed  upon  the  other  pan.  The  flask  and  weights 
are  then  removed.  The  flask  is  placed  upon  a  level  surface, 
and  distilled  water,  at  a  temperature  of  60°  F.,  is  poured  into 
it,  until  the  lower  graduation  mark  on  the  neck  is  exactly 
coincident  with  the  lowest  point  of  the  meniscus  of  the  sur- 
face of  the  water.  The  neck  of  the  flask  above  the  mark  is 
then  carefully  dried,  and  the  flask  (without  the  weights)  is  re- 
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placed  upon  the  pan  of  the  balance.  If  the  balance  is  again 
in  exact  equilibrium,  the  flask  is  correctly  graduated  for 
measuring  or  containing.  If  the  balance  is  not  in  equi- 
librium, then  the  flask  may  be  regraduated  correctly,  or  a 
correction  may  be  applied  each  time  the  flask  is  used. 

In  order  to  regraduate  the  flask  correctly,  all  that  is 
necessary  is  to  add  to,  or  take  away  water  from  that  already 
in  the  flask,  until  the  balance  is  in  equilibrium.  The  flask 
is  then  placed  on  a  level  surface,  and  a  scratch  made  on  the 
neck  with  a  triangular  file,  or  diamond,  on  a  level  with  the 
lowest  point  of  the  meniscus.  This  will  be  the  true  level 
when  measuring  liquids. 

In  order  to  calibrate  a  flask  for  delivering,  the  flask  is 
filled  with  distilled  water  to  the  mark  on  its  neck.  The 
water  is  then  poured  out,  the  flask  inverted,  and  allowed  to 
drain  for  fifteen  seconds.  The  flask,  with  any  remaining 
water  adhering  to  it,  is  now  placed  upon  one  pan  of  the 
balance,  the  neck  having  been  previously  closed  by  the 
stopper,  in  order  to  prevent  loss  of  weight  by  evaporation. 
Weights  are  then  placed  on  the  same  scale-pan,  and  by  the 
side  of  the  flask,  the  value  of  the  weights  in  grams  being 
equal  to  the  number  of  cubic  centimetres  which  the  flask  is 
marked  to  deliver.  The  flask  and  weights  are  then  counter- 
poised by  means  of  shot  placed  upon  the  other  pan  of  the 
balance.  The  flask  and  weights  are  now  removed  from  the 
scale-pan,  the  flask  placed  on  a  level  surface,  and  accurately 
filled  to  the  delivering  mark  with  distilled  water.  The 
stopper  is  then  inserted,  and  the  flask  replaced  on  the  balance. 
If  the  balance  is  still  in  equilibrium,  the  flask  was  correctly 
graduated  in  the  first  instance.  If  the  balance  is  not  in 
equilibrium,  the  flask  must  be  regraduated  in  the  manner 
described  for  graduating  the  flask  for  measuring.  When  the 
corrected  volume  is  obtained,  that  quantity  will  be  delivered 
by  the  flask  when  it  is  filled  exactly  to  the  delivering  mark, 
and  is  allowed  to  drain  for  fifteen  seconds  after  pouring  out 
the  liquid. 


74     THE  GAS  ENGINEER'S  LABORATORY  HANDBOOK. 


Test  Mixers  for  Measuring  Cylinders. 

38.  Test  mixers  are  tall  cylindrical  vessels,  standing  on  a 
broad  base,  and  provided  with  stoppers,  as  shown  in  Fig.  28. 
They  are  used  to  prepare  test  acids,  test  alkalies, 
.  Q        and  similar  solutions,  by  the  dilution  of  strong  solu- 
*^j^      tions  to  others  of  a  fixed  strength.     These  vessels 
are  usually  graduated  throughout  the  greater  part 
of  their  length,  the  graduations  varying  from  1  to 
10  c.c.  each,  according  to  the  size  of  the  vessel.     A 
measuring  cylinder  may  be  calibrated  by  running 
distilled  water  into  it  from  a  previously  calibrated 
"burette. 

Pipettes. 

39.  Pipettes    are    glass    tubes   for  transferring 
specific  quantities  of  liquid  from  vessel  to  vessel. 
They  are  of  two  kinds ;  one  has  a  bulb,  and  one 
FIG.  28.    mark  on   tne   ne°k    above  the  bulb,  as  shown  in 
Fig.  29.     This  form  is  used  for  the  accurate  mea- 
surement and  delivery  of  one  specific  quantity  of  a  liquid, 
such  as  5,  10,  20,  50,  or  100  cubic  centimetres.      The  other 
form  is  shown  in  Fig.   30,  and  consists  of  a  narrow  tube 
having  a  scale  engraved  upon  it  lengthwise,  similar  to  the 
scale  of  a  burette,  and   is  used   for   delivering  a  varying 
quantity  of  a  liquid. 

Pipettes  are  chiefly  used  to  measure  with  exactness  any 
specified  quantity  of  a  solution  which  is  to  be  subjected  to 
volumetric  analysis.  The  lower  end  of  a  pipette  from  which 
the  solution  flows  out  ought  not  to  be  more  than  ^  inch  in 
diameter.  The  upper  end,  which  is  closed  by  the  finger  when 
in  use,  should  be  narrowed  by  melting  and  thickening  the 
glass,  and  then  be  cut  square  across,  and  ground  or  fused  flat, 
so  that  the  finger  can  press  firmly  upon  it.  In  order  to  fill 
a  pipette,  it  is  held  near  the  top  by  the  thumb  and  middle 
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finger  of  the  right  hand,  and  is  then  placed  in  the  liquid  it  is 
wished  to  measure  out.     The  mouth  is  then  applied  to  the 
upper  end,  and  the  liquid  gently  sucked  up  into  the  pipette. 
During  this  operation,  the  progress  of  the  rise  of 
the   liquor   in   the   pipette  should   be   carefully 
watched,  and  as   soon   as   it   is  slightly  higher 
than  the  top  of  the  graduation,  the  instrument 
is  removed  from  the  mouth,   and  firmly  closed  fjp 

with  the  top  of  the  first  finger.  During  the  pro- 
cess of  filling,  it  is  necessary  to  see  that  the  point 
of  the  pipette  always  remains  below  the  surface 
of  the  liquid,  otherwise  air  will  enter  the  pipette, 
and  may  force  the  liquid  up  into  the  mouth,  which, 
with  corrosive  liquids,  might  lead  to  serious 
consequences.  An  effectual  means  of  preventing 
such  an  accident  is  to  commence  by  dipping  the 
point  into  the  liquid,  and  holding  it  in  the  same 
by  the  left  hand  during  the  process  of  filling. 
The  pipette  having  been  filled  in  this  way,  it  is  U  y 
held  over  the  vessel  from  which  it  has  been  filled,  FIGS.  29,  30. 
the  pressure  of  the  finger  on  the  top  is  relaxed,  and 
the  liquid  allowed  to  flow  slowly  out,  until  the  bottom  of  the 
meniscus  of  the  liquid  in  the  pipette  exactly  coincides  with 
.the  graduation  mark.  The  finger  is  once  more  firmly  placed 
on  the  top  of  the  pipette,  which  is  then  held  over  the 
vessel  intended  to  receive  its  contents,  and  the  latter  is 
delivered  into  such  vessel.  There  are  several  methods  of 
delivering  the  contents  of  a  pipette. 

(1)  The  contents  are  allowed  to  run  freely  into  the  vessel, 
without  permitting   the   point  of  the  pipette  to  touch  the 
sides  of  the  vessel,  and  without  blowing  out  the  last  drop 
from  the  pipette. 

(2)  After  delivering  the  bulk  of  the  liquid,  the  point  of 
the  pipette  is  made  to  touch  the  inside  of  the  vessel,  in  order 
that  capillary  attraction  may  carry  away  the  drop  adhering 
to  the  point  of  the  pipette. 
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(3)  While  holding  the  pipette  as  last  described,  the  mouth 
is  applied  to  the  top  of  it,  and  the  drop  adhering  to  the  point 
blown  out. 

The  method  generally  adopted  is  to  allow  the  liquid  to 
flow  out  by  its  own  momentum,  and  then  to  leave  the  pipette 
to  drain  for  fifteen  seconds  with  its 
point  touching  the  inside  of  the 
glass  vessel. 

The  correctness  of  a  pipette  is 
tested  by  filling  it  up  to  the  mark 
with  distilled  water  at  15-5°  0., 
allowing  the  water  to  flow  out  as 
just  described  into  a  tared  beaker 
and  weighing. 

The  Burette. 

40.  This  instrument,  a  conveni- 
ent form  of  which  is  shown  in 
Fig.  31,  is  used  for  delivering  an 
accurately  measured  quantity  of 
any  standard  solution.  It  consists 
of  a  glass  tube  of  equal  diameter 
throughout  its  length,  its  upper 
end  being  slightly  enlarged.  The 
lower  end  is  drawn  out,  and  is 
closed,  preferably  by  a  glass  stop- 
\  cock ;  or  the  contracted  end  is 
Fia.  31.  connected  by  a  short  piece  of  india- 

rubber  tubing  with  a  small  glass 

jet.  The  india-rubber  tube  is  clamped  with  a  brass  pinch- 
cock,  which  closes  or  opens  the  tube  at  will.  The  burette 
is  graduated  throughout  the  greater  part  of  its  length  into 
cubic  centimetres,  and  tenths  of  a  cubic  centimetre.  Burettes 
usually  contain  50  or  100  c.c.  when  filled  to  the  zero  or 
highest  graduation  mark. 

The   burette  is  filled  by  closing    the    lower  end,  and 
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pouring  in  the  solution  from  the  top,  until  it  rises  above 
the  highest  graduation ;  the  stop-cock  below  is  then  opened, 
and  the  liquid  is  allowed  to  run  out  until  the  bottom  of  the 
meniscus  just  touches  the  graduation  mark. 

It  is  necessary  to  be  careful  when  filling  the  burette,  to 
see  that  no  air-bubbles  are  left  in  the  stop-cock,  since, 
when  the  burette  is  in  use,  it  is  assumed,  when  the  stop-cock 
is  opened,  that  only  liquid  flows  out,  and  the  volume  due  to 
any  air-bubble  which  might  pass  out,  would  be  counted  as  so 
much  liquid.  The  volume  of  liquid  used  in  any  determina- 
tion is  measured  by  the  amount  the  liquid  surface 
in  the  burette  has  been  lowered.  In  order  to 
facilitate  exact  readings,  an  Erdmann's  float,  Fig.  32, 
a  little  smaller  in  diameter  than  the  burette,  is 
often  used.  The  float  sinks  with  the  liquid,  and 
the  reading  on  the  burette,  corresponding  with 
the  horizontal  mark  on  the  centre  of  the  float,  is 
the  one  taken. 

"When  an  Erdmann's  float  is  not  employed,  the 
eye  may  be  assisted  in  reading  the  graduations  on 
the  burette  by  using  a  small  card,  the  lower  half 
of  which  is  blackened,  the  upper  portion  being 
left  white. 

On  holding  the  line  of  division  between  the 
black  and  white  about  an  eighth  of  an  inch  below 
the  surface  of  the  liquid,  and  bringing  the  eye  on  a  level 
with  it,  the  meniscus  can  then  be  seen  by  transmitted  light, 
bounded  below  by  a  sharply  defined  black  line.  A  burette 
may  be  calibrated  by  filling  it  with  distilled  water  at  15  •  5°C., 
the  tube  below  being  carefully  emptied  from  air-bubbles 
Successive  quantities  of  water,  in  separate  instalments  of 
5  c.c.,  are  run  off  into  a  tared  stoppered  flask,  which  is  then 
reweighed,  and  from  which  it  is  ascertained  whether  the 
weight  in  grams  of  water  run  out  is  exactly  equal  to  the 
volume  in  c.c.  as  indicated  by  the  burette. 

If  the  reading  of  the  burette  is  found  to  be  incorrect,  a 
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table  should  be  made  out  showing  the  true  capacity  up  to 
each  graduation,  the  error  between  any  two  successive 
weighings  being  equally  distributed  between  the  gradua- 
tions included  in  the  5  c.c. 

For  example,  in  calibrating  a  burette  from  0  to  10  c.c. 
the  following  were  the  weights  of  water  obtained. 

From  0  to  5  c.c.  4*9672  grams;  and  from  5  to  10  c.c. 
4*9850  grams.  The  first  c.c.  division  on  the  burette  corres- 

4*  9672 

ponds,  therefore,  to  — - —  =  0  •  99344  c.c. ;  the  second  divi- 
sion corresponds  to  0-99344  x  2  =  1-98688  c.c.;  and  so 
on  for  the  first  five  divisions. 

4'  985 

In  the  same  way,  the  sixth  division  will  contain 

o 

=  0-99700  c.c.  Consequently  the  first  six  divisions  of  the 
burette  will  contain  4-9672  -f-  0-99700  =  5-9642  c.c.,  and 
seven  divisions  will  contain  5-9642  -f-  0-9970  =  6-9612  c.c. 

All  measuring  vessels  should  be  in  relative  corres- 
pondence ;  that  is,  although  they  may  not  exactly  contain 
the  required  quantity  of  water  at  standard  temperature, 
they  should  relatively  agree.  For  instance,  two  quarter- 
litres,  when  poured  into  the  half-litre  flask,  should  fill  it  to 
the  graduation  mark.  The  50  c.c.  pipette,  when  its  contents 
are  delivered  into  the  half-litre  flask  ten  times  in  succes- 
sion, should  also  fill  it  to  the  graduation  mark.  20  c.c. 
delivered  into  the  burette  from  a  20  c.c.  pipette,  should  in- 
crease the  volume  of  liquid  already  in  the  burette  by  20  c.c., 
and  so  on. 


NOTES  ON  THE  PREPARATION  OF  SOLUTIONS. 
Normal  Solutions. 

41.  The   solutions  employed  in  volumetric  analysis  are 
termed  standard  solutions. 

The  connecting  link  between  measurement  and  weight, 
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as  applied  to  volumetric  analysis,  is  that  of  the  combining 
weight  of  the  reagent  used,  or  of  some  simple  fraction  of  the 
combining  weight. 

The  following  short  table  gives  the  combining  weight 
of  a  few  reagents,  which  are  in  common  use  in  volumetric 
analysis. 


Name  of  reagen 

Symbol. 

Molecular 
weight. 

Combining 
weight  or 
hydrogen 
equivalent. 

Ammonia 

NH3 

17-0 

17-0 

Barium  hydrate 

BaO,  H2O 

171-0 

85-5 

„       carbonate 

BaCO3 

197-0 

98-5 

Calcium  hydrate 

CaO,H20 

74-0 

37-0 

„       oxide 

CaO 

56-0 

28-0 

„       carbonate 

CaCO, 

100-0 

50-0 

Iodine      

I 

127-0 

127-0 

Potassium  hydrate 

KHO 

56-0 

56-0 

Sodium  hydrate 

NaHO 

40-0 

40-0 

„       carbonate  .. 
Hydrochloric  acid.. 

Na2CO8 
HOI 

106-0 
36-5 

53-0 
36-5 

Nitric  acid 

HN03 

63-0 

63-0 

Oxalic  acid  (anhydrous' 
„        „    (crystallised 

) 

H2C204 
H2C204,2H20 

90-0 
126-0 

45-0 
63-0 

Sulphuric  acid 

H2SO4 

98-0 

49-0 

Standard  solutions  are  made  up  in  terms  of  the  com- 
bining weight  or  hydrogen  equivalent  of  the  active  reagent, 
as  shown  in  the  last  column  of  the  above  table. 

Solutions  are  termed  "  normal "  (N)  when  one  litre,  at 
15-5°  C.  =  60°  F.,  contains  the  hydrogen  equivalent  of  the 
active  reagent,  weighed  in  grams  (H  =  1). 

42.  Semi-normal,  deci-normal,  and  centi-normal  solutions 
are  also  used,  being  respectively  J,  TV,  or  y^,  of  the 
strength  of  a  normal  solution.  They  are  usually  designated 
N  N  ,  N  .  A. 

2'ro'andioosolut10118- 

It  will  be  seen  from  the  above  table,  that  in  the  case 
of  univalent  substances,  such  as  iodine,  hydrochloric  acid, 
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sodium  hydrate,  &o.,  the  equivalent  and  the  atomic  (or, 
in  the  case  of  salts,  molecular),  weights  are  the  same ; 
thus  a  normal  solution  of  nitric  acid  must  contain  63 
grams  of  acid  in  a  litre  of  the  solution,  and  sodio  hydrate 
40  grams. 

In  the  case  of  bivalent  substances,  such  as  barium 
hydrate,  oxalic  acid,  sodium  carbonate,  sulphuric  acid,  the 
equivalent  is  one-half  of  the  atomic  (or,  in  the  case  of  salts, 
molecular)  weight ;  thus  a  normal  solution  of  sulphuric  acid 
would  be  made  by  adding  49  grams  of  pure  strong  acid  to 
distilled  water,  cooling  the  mixture,  and  then  diluting  to 
1  litre. 

Also,  in  the  case  of  trivalent  substances,  such  as  phos- 
phoric acid,  a  normal  solution  of  sodic  phosphate  would 

OCO 

be  made  by  weighing  —^-  =  119 '3  grams  of  the  substance, 

dissolving  in  distilled  water,  and  diluting  to  the  measure  of 
1  litre. 

43.  In  the  preparations  of  solutions  for  volumetric  analy- 
sis, the  value  of  a  reagent,  as  expressed  by  its  equivalent 
hydrogen  weight,  must  not  always  be  regarded,  but  rather 
its  particular  reaction  in  any  given  analysis. 

Thus,  when  using  a  solution  of  potassium  permanganate 
(KMn04),  as  an  oxidising  agent,  it  is  the  available  oxygen 
which  has  to  be  taken  into  account ;  and  consequently,  when 
preparing  a  normal  solution,  one- fifth  of  its  molecular  weight, 

1  KQ 

— -  =  31  •  6  grams,  must  be  contained  in  the  litre. 
5 

The  great  convenience  of  this  equivalent  system  is,  that 
the  numbers  used  as  coefficients  for  calculation  in  any 
analysis  are  familiar,  and  for  technical  purposes  the  plan 
allows  the  use  of  all  solutions  of  systematic  strength,  and 
simply  varies  the  amount  of  substance  tested,  according  to 
its  equivalent  weight. 

Thus,  normal  solutions  of  the  following  contain,  per 
litre— 
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Grams. 

Sulphuric  acid      49 

Hydrochloric  acid        36-5 

Nitric  acid 63 

Anhydrous  carbonate  of  Boda 53 

Sodic  hydrate       40 

Ammonia       17 

100  o.o.  of  any  of  the  normal  acid  solutions  in  the  above 
list  should  exactly  neutralise  100  c.c.  of  any  of  the  normal 
alkalies,  or  the  corresponding  amount  of  the  pure  substance 
which  the  100  c.c.  contain.  This  system  is  especially  use- 
ful in  determining  the  amount  of  pure  substance  in  com- 
mercial samples.  For  example,  supposing  we  are  buying 
commercial  sulphuric  acid,  and  wish  to  know  the  exact 
percentage  of  pure  hydrated  acid  in  it;  4" 9  grams  are 
weighed  out,  diluted  with  water,  a  little  methyl-orange 
solution  added,  and  normal  alkali  run  in  from  a  100  c.c. 
burette  until  saturated ;  the  number  of  o.c.  of  normal  alkali 
used  will  show  the  percentage  of  real  acid  present.  Sup- 
posing 62  •  6  c.c.  are  required  =  62  •  6  per  cent. 

44.  In  order  to  obtain  the  percentage  of  pure  substance 
in  any  commercial  article,  such  as  alkalies,  acids,  and  various 
salts,  by  means  of  the  normal  solutions  just  described,  the 
following  method  is  adopted.  With  normal  solutions,  ^  or 
•£-$  (according  to  the  atomicity)  of  the  molecular  weight  in 
grams  of  the  substance  to  be  analysed,  is  weighed  out  for 
titration,  and  the  number  of  c.c.  required  to  produce  the 
desired  reaction  will  represent  the  percentage  of  the  sub- 
stance whose  atomic  weight  has  been  used. 

With  decinormal  solutions,  -j-J^  or  y^nr  of  the  molecular 
weight  in  grams  is  taken,  and  the  number  of  c.c.  will,  in  a 
similar  manner,  represent  the  percentage.  It  may  sometimes 
happen,  however,  that  from  the  nature  of  the  substance,  or 
from  the  fact  of  its  being  in  solution,  that  the  above  per- 
centage method  cannot  be  employed. 

For  instance,  supposing  we  have  a  solution  containing 
an  unknown  quantity  of  caustic  soda,  and  we  desire  to  know 

a 
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the  strength  of  the  same.  We  weigh,  or  measure  out,  a 
definite  quantity  of  the  solution,  add  a  few  drops  of  methyl- 
orange  solution,  and  run  in  from  a  burette,  normal  acid 
until  the  solution  is  saturated,  as  shown  by  the  change  of 
colour.  Supposing  38  c.c.  of  normal  acid  are  required,  then 
the  molecular  weight  of  sodic  hydrate  being  40 :  (Na  =  23, 
H  =  1,  O  =  16,  =  40),  100  c.c.  of  normal  acid  will  saturate 
4'0  gram ;  therefore,  as  100  c.c.  are  to  4*0  gram  so  are  38  c.c. 

to  *,  — — — —  =1-52  gram  NaHO.     The  simplest  way  is  to 

multiply  the  number  of  c.c.  of  test  solution  required  in  any 
particular  determination  by  the  y^^  (or  -^^  in  the  case  of  a 
bivalent  substance)  of  the  molecular  weight  of  the  substance 
sought.  This  will  at  once  give  the  amount  of  substance 
present. 

45.  Although  solutions  based    on  the  above  mentioned 
systematic  principle,  are  those  commonly  adopted  in  analy- 
tical work,  we  require  in  addition,  in  the  carrying  out  of 
some  of  the  special  determinations  necessary  in  gas  works, 
empirical  solutions,  based  on  the  English  system  of  weights 
and  measures,  and  which  are  prepared  to  suit   particular 
cases,  not  being  based  on  any  broad  general  principle.     The 
solutions  employed  in  the  determination  of  the  amount  of 
ammonia  in  gas  by  the  Referees'  method,  and  in  the  com- 
mercial valuation  of  ammoniacal  liquor,  are  cases  in  point. 
These  are  described  in  the  Special  Part. 

46.  In  the  preparation  of  standard  solutions,  it  is  neces- 
sary to  bear  in  mind  the  fact,  that  saline  substances  on  being 
dissolved   in   water,   have   a   considerable    effect  upon  the 
volume  of  the  resulting  liquid.     The  same  thing  occurs  when 
mixing  solutions  of  various  salts  or  acids  with  each  other. 

In  the  case  of  strong  solutions,  the  condensation  in 
volume  is,  as  a  rule,  very  considerable,  and  therefore  in  pre- 
paring such  solutions  for  volumetric  analysis,  or  in  diluting 
such  solutions  to  a  given  volume,  for  the  purpose  of  remov- 
ing aliquot  portions  subsequently  for  examination,  suffi- 
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cient  time  must  be  afforded  for  the  solutions  to  attain  their 
constant  volume  at  the  standard  temperature. 

TABLE  FOR  THE  SYSTEMATIC  ANALYSIS  OF  ALKALIES,  ALKALINE 
EARTHS,  AND  ACIDS.    (Sutton.) 


Substance. 

Formulae. 

Atomic 
•weight. 

Quantity  to  be 
weighed  so  that 
1  c.c.  normal 
solution=  1  per 
cent,  of  sub- 
stance. 

Normal 
factor.* 

gram. 

Soda       

Na.oO 

62 

3-1 

0-031 

Sodic  hydrate       .. 

NaHO 

40 

4-0 

0-040 

„     carbonate    .. 

Na2CO3 

106 

5-3 

0-053 

„     bicarbonate 

NaHC03 

84 

8-4 

0-084 

Potash    

K20 

94 

4-7 

0-047 

Potassic  hydrate   .. 
„       carbonate 
„       bicarbonate 

KHO 
K2C03 
KHCO3 

56 
138 
100 

5-6 
6-9 
10-0 

0-056 
0-069 
0-100 

Ammonia 

NH3 

17 

1-7 

0-017 

„        carbonate 

(NH4)2C08 

96 

4-8 

0-048 

Lime      

CaO 

56 

2-8 

0-028 

Calcic  hydrate 

CaO,H20 

74 

3-7 

0-037 

„    carbonate   .  . 

0*1  0. 

100 

5-0 

0-050 

Barium  hydrate    .  . 

BaO,H2O 

171 

8-55 

0-085:> 

„    carbonate 

BaCO3 

197 

9-85 

0-0985 

Nitric  acid 

HNO3 

63 

6-3 

0-063 

Hydrochloric  :icid 
Sulphuric  acid     .  . 
Oxalic  acid    

HC1 
H2SO4 
H2C204,2H20 

36-5 
98 
126 

3-65 
4-9 
6-3 

0-0365 
0-049 
0-063 

*  This  is  the  coefficient  by  which  the  number  of  c,c.  of  normal  solution 
used  in  any  analysis  is  to  be  multiplied,  in  order  to  obtain  the  amount  of 
pure  substance  present  in  the  material  examined. 

Storage  of  Standard  Solutions. 

47.  Standard  solutions  may  be  kept  in  any  tightly 
stoppered  bottle  of  a  suitable  size.  A  "  Winchester  quart " 
is  a  handy  size  for  most  purposes.  The  bottle  should  be 
clean  and  dry,  and  after  the  solution  has  been  poured  in 
the  bottle  should  be  immediately  tightly  stoppered,  and 
labelled  with  the  name,  strength,  and  date  when  the  solu- 

G  2 
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tion  was  made.  It  is  necessary  that  the  bottle  should  be 
quite  full,  otherwise  internal  evaporation  and  condensation 
will  cause  drops  of  pure  water  to  form  on  the  upper  part  of 
the  inside  of  the  bottle. 

When  using  the  solution  therefore,  it  is  necessary  to  well 
shake  the  bottle  before  pouring  out,  so  as  to  mix  this  water 
with  the  solution  from  which  it  originated. 

This  loss  by  evaporation  may  be  lessened  by  storing  the 
solutions  in  a  cool  place.  Some  solutions  are  affected  by 
light,  and  in  consequence  should  be  kept  in  a  dark  cupboard, 
rather  than  upon  open  shelves  where  they  would  be  exposed 
to  the  light. 

INDICATORS. 

48.  In  many  analyses  it  is  necessary  to  add  a  substance 
which  shall  act  as  an  indicator  of  the  end  of  the  process ; 
such,  for  instance,  is  cochineal  or  methyl-orange  in  alkali- 
metry, potassium  chromate  in  silver  and  chlorine  estimations, 
and  starch  in  determinations  where  iodine  is  employed.    There 
are  other  processes,  the  final  termination  of  which  can  only 
be  determined  by  an  indicator  separate  from  the  solution.   An 
example  is  found  in  the  estimation  of  iron  by  potassium 
bichromate,  in  which  case  a  drop  of  the  solution  is  brought 
into  contact  with  another  drop  of  a  solution  of  ferricyanide 
of  potassium,  on  a  white  tile ;  as  soon  as  a  blue  colour  ceases 
to  appear  when  the  two  liquids  are   brought  into  contact, 
the  end  of  the  process  is  reached. 

INDICATORS  USED  IN  THE  VOLUMETRIC  ESTIMATION  OF 
ACIDS  AND  ALKALIES, 

Cochineal  Solution. 

49.  This  indicator  possesses  the  advantage  of  not  being 
affected  in  colour  by  C02.     In  order  to  prepare  it,  digest 
about  10  grams  of  powdered  cochineal  for  several  hours  at 
a  gentle  heat  in  a  litre  of  weak  spirit,  composed  of  200  c.c. 
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of  methylated  spirit,  with  800  c.c.  of  water.  The  clear  liquid, 
when  decanted  off,  is  ready  for  use.  Its  normal  colour  is 
yellow,  and  this  is  changed  to  reddish-violet  by  alkalies. 
This  reddish-violet  solution  of  cochineal  is  changed  to 
yellow  again  by  mineral  acids,  but  it  is  not  so  easily  acted 
upon  by  weak  organic  acids.  It  should  not  be  used  in  the 
presence  of  compounds  of  iron  or  aluminium,  or  of  acetates. 

It  is  well  adapted  for  the  estimation  of  ammonia  in  gas 
liquor  (Will's  Test),  and  in  the  analysis  of  ammonium 
sulphate. 

Methyl-Orange,  Tropseolin  D,  or  Orange  III. 

50.  This  indicator  also  is  not  affected  by  C02.     Alkalies 
change  its  colour  to  yellow,  and  this  changes  to  red  on  the 
addition  of  an  acid.     The  solution  does  not  change  or  de- 
compose on  keeping. 

It  is  prepared  by  dissolving  1  gram  of  methyl-orange 
in  powder  (procurable  from  the  operative  chemist)  in  a  small 
quantity  of  methylated  spirit,  and  then  making  the  solution 
up  to  1  litre  with  methylated  spirit  diluted  with  its  own 
volume  of  water. 

Methyl-orange  is  employed  in  the  estimation  of  ammonia 
in  gas,  and  in  the  estimation  of  free  ammonia  in  gas  liquor. 

Litmus  Solution. 

51.  This  solution  is  used    both  for  acids  and   alkalies. 
The  solution  is  most  sensitive  when  it  is  of  a  purple  colour. 
The  presence  of  an  excess  of   acid,  causes  the  litmus  to 
assume  a  bright  red  tint;  excess  of  alkali  produces  a  pure 
blue  tint. 

In  order  to  prepare  a  solution  of  this  indicator,  all  the 
colouring  matter  is  first  extracted  from  solid  litmus  by  re- 
peatedly digesting  it  with  hot  water. 

The  solution  thus  obtained,  is  evaporated  to  a  moderate 
bulk,  and  a  slight  excess  of  acetic  acid  added,  in  order  to 
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convert  all  carbonates  present  into  acetates.  The  solution 
is  then  again  evaporated  over  a  water-bath,  until  it  assumes 
a  pasty  condition,  when  an  excess  of  methylated  spirit  is 
added.  The  spirit  precipitates  the  blue  colouring  matter,  a 
red  colouring  matter,  together  with  the  alkaline  acetates 
remaining  in  solution.  The  precipitate  is  transferred  to  a 
filter,  and  washed  with  spirit.  The  pure  colouring  matter 
is  then  dissolved  in  warm  water,  and  the  solution,  after 
being  rendered  purple  by  the  addition  of  a  little  dilute 
nitric  acid,  is  ready  for  use.  Litmus  solution  must  always 
be  kept  exposed  to  the  air  or  it  loses  its  colour,  regaining  it 
on  exposure. 

A  convenient  method  of  securing  this  exposure,  is  to 
have  the  cork  which  closes  the  bottle  containing  the  litmus 
solution,  made  with  several  deep  grooves.  The  great  defect 
of  litmus  as  an  indicator  is  that  the  presence  of  free  car- 
bonic acid  interferes  with  the  production  of  the  blue  colour. 

Accordingly,  in  titrating  an  acid  solution  by  means  of 
an  alkaline  carbonate,  the  litmus  solution  changes  from  blue 
to  purple  before  the  point  of  neutralisation  by  the  acid  is 
arrived  at.  This  is  caused  by  the  liberated  C02  acting  upon 
the  litmus.  The  C02  can  be  removed  by  boiling  the  liquid, 
and  the  neutral  point  is  just  passed,  and  the  reaction  is  con- 
sequently complete,  when  the  solution  has  assumed  a  bright 
red  colour,  which  does  not  alter  on  boiling. 

Phenol-phthalein. 

52.  This  indicator,  when  in  the  form  of  an  alcoholic 
solution,  is  without  colour,  but  on  adding  a  few  drops  to  an 
alkaline  solution  the  liquid  changes  to  a  beautiful  red 
colour,  which  is  destroyed  by  acids.  Phenol-phthalein 
cannot  be  employed  in  the  presence  of  C02,  or  of  salts  of 
ammonia. 

Phenol-phthalein  is  employed  in  the  estimation  of  C02 
in  coal  gas  (Sheard's  method). 


VOLUMETRIC   ANALYSIS.  87 

It  is  necessary  to  bear  in  mind  that  in  judging  the  end 
of  a  re-action  by  means  of  an  indicator,  or  of  any  final 
change  of  colour,  it  is  requisite  in  all  cases,  that  the  one 
liquid  should  be  run  into  the  other  in  the  same  order.  The 
liquids  must  not  be  reversed,  or  the  results  will  fail  to  corres- 
pond. For  instance,  if  cochineal  is  used  as  an  indicator  in 
standardising  the  acid,  by  running  the  acid  into  a  standard 
solution  of  caustic  soda,  in  all  processes  of  estimating  acid 
by  the  alkali,  where  cochineal  is  used  as  an  indicator,  the 
acid  must  be  run  into  the  alkali,  and  not  the  alkali  into  the 
acid. 

ANALYSIS  BY  SATURATION. 
(ALKALIMETRY    AND    ACIDIMETRT.) 

Preparation  of  Normal  Acid  and  Alkaline  Solutions. 

53.  In  this  particular  branch  of  volumetric  work,  it  is 
very  essential  to  have  at  least  one  standard  acid  and  alkali 
prepared  with  the  greatest  accuracy,  and  from  which  all 
others  can  be  standardised. 

Sulphuric  acid  is  best  adapted  for  preparing  the  normal 
acid,  as  it  can  easily  be  obtained  pure.  Normal  sulphuric  acid 
is  not  affected  by  boiling. 

For  the  standard  alkali,  sodic  carbonate  is  to  be  preferred, 
inasmuch  as  it  can  readily  be  obtained  in  a  perfectly  pure 
state,  or  can  easily  be  made  by  igniting  the  pure  bi- 
carbonate. 

The  chief  difficulty  in  times  past  with  sodic  carbonate 
has  been,  that,  when  using  litmus  as  indicator,  it  was  neces- 
sary to  carry  on  the  titration  at  a  boiling  heat,  in  order  to  get 
rid  of  the  C02,  which  hindered  the  pure  blue  colour  of  the 
indicator,  notwithstanding  the  alkali  may  have  been  in 
excess. 

This  difficulty  is  now  got  rid  of  by  the  employment  of 
methyl-orange  as  indicator.  But  in  case  methyl-orange  is 
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not  available,  litmus  may  be  made  to  give  accurate  results, 
if  the  saturation  is  carried  on  by  rapidly  boiling  the  liquid 
in  a  thin  flask  for  a  minute  after  each  addition  of  acid, 
until  the  point  is  reached  when  one  drop  of  acid  in  excess 
gives  a  pink  red  colour,  which  does  not  disappear  on  further 
boiling. 

Normal  Solution  of  Sodium  Carbonate. 
(53  grams  Na2CO,  per  litre.) 

54.  This  solution  is  prepared  by  dissolving  pure  Na2C03 
in  distilled  water,  so  as  to  make  a  solution  containing 
53  grams  Na2C03  per  litre.  It  is  consequently  a  semi- 
molecular  solution. 

If  we  dissolve  Na2C03  in  water,  the  volume  of  the  liquid 
contracts,  therefore,  we  cannot  obtain  the  correct  weight 
per  litre  by  simply  dissolving  the  salt  in  the  measured 
volume  of  water.  After  adding  the  salt  to  a  quantity  of 
water  contained  in  the  litre  flask,  the  solution  must  be 
allowed  to  attain  the  normal  temperature,  and  then  suffi- 
cient dit- tilled  v\ater  added  as  will  bring  the  volume  up  to 
the  litre  mark,  the  contents  of  the  flask  being  well  mixed. 

The  easiest  way  of  obtaining  pure  Na2C03,  is  to  ignite 
the  bicarbonate.  It  is  necessary  in  the  first  place  to  see  that 
the  bicarbonate  is  pure,  by  testing  it  for  chlorides  and 
sulphates.  This  is  effected  by  shaking  a  portion  of  the 
powder  with  distilled  water  in  a  stoppered  bottle,  and  then 
testing  the  clear  liquid.  Should  traces  of  these  impurities  be 
found,  about  100  grams  of  the  powder  are  shaken  up  with 
three  or  more  separate  quantities  of  distilled  water,  the  salt 
being  allowed  to  settle,  and  the  supernatant  liquid  decanted 

off. 

As  soon  as  the  washings  are  free    from    sulphates    or 

chlorides,  the  salt  is  drained  on  a  porous  tile,  and  dried  by 

•ressing   it  between    sheets    of  dry  blotting   or   filtering 

paper.    About  85  grams  of  the  salt  prepared  as  above  are 

spread  in    a    thin    layer    inside    a    weighed    platinum    or 
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porcelain  dish.  The  dish  and  its  contents  are  then  heated 
by  means  of  a  Bunsen  burner  to  dull  redness  for  about  10 
minutes,  care  being  taken  that  the  salt  does  not  fuse  or  frit. 

The  dish  is  now  placed  in  the  desiccator  to  cool,  and 
when  cold  weighed ;  it  is  then  heated,  cooled,  and  weighed 
again,  until  the  weight  is  constant.  The  weight  of  pure 
Na2C03  is  then  obtained  by  subtracting  the  weight  of  the 
dish.  The  standard  solution  of  Na2C03  may  now  be 
prepared  from  the  above  by  either  of  the  two  following 
methods. 

(1)  The  volume  of  the  normal  solution  which  should 
contain  the  weight  of  Na2C03  obtained  as  above  is  found 
by  calculation.  For  example,  if  the  sodium  carbonate 
weighed  54-6  grams,  it  will  require  to  be  dissolved  in 
54-6  x  1000  =1030.2o.c. 

The  salt  is  transferred  without  loss  to  a  beaker,  the  dish 
being  afterwards  rinsed  out  with  successive  small  quantities 
of  distilled  water  into  the  same  beaker.  The  salt  is  well 
stirred  to  assist  solution,  and  when  all  has  dissolved,  the 
solution  is  poured  into  the  litre  flask,  the  beaker  being  also 
well  rinsed  out  several  times  with  small  quantities  of  distilled 
water,  and  the  rinsings  added  to  the  contents  of  the  flask. 
The  solution  is  now  nearly  made  up  to  the  mark  on  the 
flask  with  distilled  water  at  a  temperature  of  60°  F.,  the 
contents  of  the  flask  being  well  mixed  by  shaking.  The 
stopper  of  the  flask  is  then  inserted,  and  the  solution  is  again 
vigorously  shaken  to  ensure  thorough  mixing.  The 
contents  of  the  flask  are  now  made  up  to  the  exact  volume 
by  placing  the  flask  on  a  level  surface,  and  slowly  pouring 
in  water  until  the  bottom  of  the  meniscus  just  touches  the 
litre  mark  on  the  flask.  The  additional  volume  of  water 
required,  amounting  in  the  present  example  to  30  *  2  c.c.,  is 
then  run  into  the  flask  from  a  burette,  and  the  liquid  is 
again  thoroughly  mixed  by  inverting  the  flask  and  giving  it 
a  rotary  motion. 
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(2)  Exactly  53  grams  of  Na2CO3,  prepared  as  above,  aro 
weighed  out  and  dissolved  to  a  litre.  The  weight  may  be 
conveniently  obtained  by  placing  the  dish  on  one  scale-pan 
of  the  balance,  and  adjusting  the  weight  on  the  other  pan  so 
that  they  are  equal  to  the  weight  of  the  dish  -f  53 ;  small 
portions  of  the  salt  are  then  removed  with  the  point  of  a 
penknife  or  spatula  until  equilibrium  occurs.  The  salt  is 
then  dissolved  in  a  beaker  as  in  (1),  and  on  adding  water  to 
the  litre  mark  a  normal  solution  will  be  obtained. 

Normal  Sulphuric  Acid. 

(98\ 
—  J  (sulphuric 

being  a  bibasic  acid)  and  should  contain  49  grams  of  pure 
H2S04per  litre.  It  is  prepared  by  adding  a  suitable  quantity  of 
pure  strong  oil  of  vitriol  to  distilled  water  contained  in  a  thin 
glass  vessel,  then  cooling  the  hot  solution,  and  subsequently 
determining  its  strength  by  titrating  a  portion  of  it  against 
the  normal  sodium  carbonate  solution.  When  the  strength 
has  been  accurately  determined,  the  amount  of  water  re- 
quired to  dilute  it,  in  order  to  reduce  it  to  the  proper 
strength,  may  be  easily  calculated. 

Measure  out  30  c.c.  of  pure,  strong  oil  of  vitriol,  and  run  it 
into  about  200  c.c.  of  distilled  water  contained  in  a  thin  glass 
flask.  On  adding  the  acid  great  heat  will  be  given  out;  mix 
the  solution  well,  and  cool  it  by  shaking  it  round  in  the 
flask,  at  the  same  time  allowing  a  stream  of  water  from  a 
water  tap  to  flow  over  the  exterior.  When  cooled  down  to 
the  normal  temperature,  the  liquid  in  the  flask  is  made  up 
to  exactly  1  litre  with  distilled  water ;  it  is  then  thoroughly 
mixed  again,  and  a  portion  is  titrated  by  normal  sodium 
carbonate  solution,  as  follows.  A  clean  20  c.c.  pipette  is 
partially  filled  with  the  normal  sodium  carbonate  solution 
by  suction ;  the  liquid  is  well  shaken  round  in  the  pipette, 
and  is  then  allowed  to  run  away  into  the  sink,  or  other 
receptacle  for  waste.  The  pipette  is  again  charged  with  the 
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solution,  but  this  time  exactly  to  the  20  c.c.  mark,  by 
drawing  up  more  than  the  required  volume,  rapidly  placing 
the  first  finger  on  the  top  of  the  pipette,  and  slowly  allowing 
the  excess  to  flow  out.  The  20  c.c.  of  solution  are  then 
delivered  into  a  clean  beaker.  Of  course,  in  the  event  of 
the  interior  of  the  pipette  being  perfectly  clean  and  dry 
at  the  commencement,  there  is  no  occasion  for  the  prelimi- 
nary rinsing  with  the  solution,  inasmuch  as  in  this  case 
there  would  not  be  any  danger  of  the  standard  solution 
being  diluted  with  the  water  adhering  to  the  interior  of 
the  pipette. 

A  burette  is  next  charged  with  the  acid  prepared  as 
described,  care  being  taken  that  the  interior  of  the  instrument 
is  perfectly  dry ;  if  not,  it  should  be  first  rinsed  out  with 
a  portion  of  the  solution,  which  is  afterwards  thrown  away. 
It  is  also  necessary  to  see  that  there  are  no  air  bubbles 
remaining  in  the  tap  at  the  bottom  of  the  burette ;  should 
there  be  any,  they  may  be  got  rid  of  by  rapidly  running  a 
portion  of  the  solution  out  of  the  burette,  and  then  refilling 
the  same.  The  solution  in  the  beaker,  previously  diluted 
with  distilled  water,  is  placed  underneath  the  burette,  upon 
a  white  tile,  or  a  clean  filter  paper,  a  small  quantity  of 
methyl-orange  solution  is  added,  and  the  acid  run  slowly  in 
from  the  burette,  the  contents  of  the  beaker  at  the  same 
time  being  constantly  stirred.  The  acid  is  run  in  until  a 
single  drop  causes  the  golden  yellow  colour  of  the  solution 
to  suddenly  change  to  a  reddish-brown  tint,  shewing  that 
the  solution  in  the  beaker  has  been  exactly  neutralised  by 
the  acid.  The  volume  of  acid  required  to  effect  the  neutra- 
lisation is  then  read  off  on  the  burette,  the  result  being 
checked  by  repeating  the  titration  in  exactly  the  same 
manner  with  a  fresh  quantity  of  the  sodium  carbonate 
solution.  The  two  titrations  should  not  differ  by  more  than 
0  •  1  c.c.  If  more  than  20  c.c.  are  required,  the  acid  is  too 
weak ;  if  less,  too  strong.  It  will  generally  be  found  that 
tjie  acid  is  too  strong,  and  will  require  diluting  to  the 
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normal  strength  in  the  following  manner.  Supposing  that 
the  20  c.c.  of  the  alkaline  solution  required  18  •  6  of  the  acid 
solution  to  neutralise  it;  then  each  18 '6  c.c.  of  acid  would 
require  to  have  sufficient  water  added  to  it  to  make  it  up 
to  20  o.c.,  in  order  to  produce  a  standard  acid  exactly 
equivalent  to  the  standard  alkali.  Therefore,  to  make  a 
litre  (1000  cubic  centimetres)  of  normal  acid,  930  c.c.  of  the 
acid,  prepared  as  above,  are  measured  into  a  litre  flask,  and 
then  made  up  to  1  litre  with  distilled  water.  After 
thoroughly  mixing  the  acid  diluted  in  this  manner,  it 
should  again  be  titrated  against  the  alkaline  solution,  as 
already  described,  in  order  to  be  certain  of  its  accuracy. 

It  is  necessary  to  bear  in  mind  the  fact  that  standard 
solutions,  even  when  accurately  prepared  in  the  first  instance, 
will  gradually  become  more  or  less  altered  in  strength  after 
being  stored  for  some  time.  A  standard  acid  solution  will 
therefore  require  to  be  tested  occasionally,  by  titration 
against  a  freshly  prepared  standard  sodium  carbonate  solu- 
tion, as  just  described.  In  the  event  of  the  acid  solution 
having  altered  in  strength,  it  is  not  absolutely  necessary 
(if  the  error  is  small)  to  bring  it  back  to  the  correct 
standard.  In  place  of  doing  this,  a  correction  is  made  use 
of  when  working  with  the  solution. 

For  instance,  if  19*7  c.c.  of  acid  are  needed  instead  of  20, 
in  order  to  neutralise  20  c.c.  of  a  freshly  prepared  sodium 
carbonate  solution,  the  number  of  c.c.  of  acid  needed  in  any 

20 

titration  will  require  to  be  multiplied  by  — — -  =  1-015,  in 

iy  *  / 

order  to  find  the  number  of  c.c.  which  would  have  been  needed 
if  the  acid  had  been  of  the  correct  strength.  The  "  factor  " 
required  for  this  correction  should  be  marked  on  the  label  of 
the  bottle,  together  with  the  date. 

The  operation  of  determining  the  amount  of  acid  in  a 
solution  in  the  above  manner  is  termed  "  acidimetry." 
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Normal  Hydrochloric  Acid. 
(36 '5  grams  per  litre.) 

56.  Pure   strong  hydrochloric   acid  is  diluted  with  dis- 
tilled water  until  it  has  a  specific  gravity  of  1  •  10  at  60°  F., 
as  tested  by  a  hydrometer.     About  165  c.c.  of  this  acid  are 
diluted  to  1  litre.     Its  exact  strength  is  then  determined  by 
titration  against  normal  sodium  hydrate  solution  (58),  and 
the  solution  is  brought  to  the  standard  strength  by  dilution, 
as  in  the  previous  examples. 

Hydrochloric  acid  is  useful  on  account  of  its  forming  sol- 
uble compounds  with  the  alkaline  earths,  but  it  has  the  dis- 
advantage of  volatilising  at  a  boiling  heat.  The  hydrochloric 
acid  from  which  standard  solutions  are  made,  should  be  free 
from  chlorine  gas  or  metallic  chlorides,  and  when  evaporated 
in  a  platinum  vessel  should  leave  no  residue. 

Normal  Oxalic  Acid. 
(63  •  0  grains  per  litre.) 

57.  This  solution  is  prepared  by  dissolving  63 '0  grams  or 
pure,   not  effloresced,   crystallised    oxalic   acid   in   distilled 
water,  and  making  up  to  1  litre,  the  solution  being  after- 
wards checked  with  normal  alkali.     The  solution  is  apt  to 
deposit  some  of  the  acid  at  low  temperatures,  but  keeps  well 
if  preserved  from  direct  sunlight,  and  may  be  heated  without 
volatilising  the  acid.    It  cannot  be  employed  in  alkalimetry 
when  methyl-orange  is  used  as  the  indicator. 

This  solution  may  be  used  in  testing  for  caustic  lime  in 
the  presence  of  a  carbonate. 

Normal  Sodium  Hydrate  Solution. 
(40  grams  per  litre.) 

58.  Caustic  soda  suitable  for  the  preparation  of  the  above 
may  be  obtained  from  two  sources,  either  by  the  action  ol 
metallic  sodium  on  boiled  and  cooled  distilled  water,  or  from 
caustic  soda  purified  by  alcohol. 
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In  order  to  obtain  it  from  metallic  sodium,  about 
25  grams  of  clean  metallic  sodium  in  small  pieces  are 
weighed  out,  and  placed  in  distilled  water  contained  in  a 
platinum  or  silver  dish.  A  clock  glass  is  placed  over  the 
dish  after  the  addition  of  each  piece  of  sodium,  in  order  to 
prevent  loss  of  the  NaHO  by  spurting,  the  chemical  action 
set  up  by  each  separate  piece  of  sodium  being  allowed  to 
subside  before  a  fresh  piece  is  introduced. 

In  this  way  a  strong  solution  of  NaHO  is  obtained.  If 
caustic  soda  purified  by  alcohol  is  used,  then  about  44  grams 
should  be  weighed  out,  and  dissolved  in  distilled  water.  If 
either  of  these  solutions  are  diluted  until  they  have  a 
specific  gravity  of  about  1  •  05,  then  the  solution  will  contain 
about  50  grams  per  litre.  The  water  employed  in  diluting 
should  be  distilled,  and  recently  boiled  and  cooled,  so  as  to 
be  free  from  C02.  20  c.c.  of  the  solution  thus  prepared  are 
then  titrated  against  20  c.c.  of  the  normal  acid  (55),  em- 
ploying methyl-orange  as  indicator,  and  the  solution  is 
reduced  to  the  exact  normal  strength,  by  diluting  it  with  the 
necessary  quantity  of  distilled  water. 

ESTIMATION  OF  AMMONIA. 

59.  This  determination  comes  under  the  head  of  alkali- 
metry. The  principles  upon  which  it  is  based  apply  to  the 
determination  of  the  ammonia  in  gas,  and  to  the  analysis 
of  ammoniacal  liquors  and  sulphate  of  ammonia.  By  alka- 
limetry is  meant  the  method  of  determining  the  amount  of 
alkali  in  a  substance  by  saturation  with  a  standard  acid. 

The  quantity  of  free  ammonia  in  a  solution  of  ammonia 
and  water  may  be  determined  by  means  of  standard  acid  and 
methyl-orange  solution.  A  definite  quantity  of  the  solution, 
say  10  c.c.,  is  transferred  to  a  small  tared  flask  and  weighed ; 
in  this  way  its  absolute  weight  and  specific  gravity  are  ob- 
tained in  one  operation.  If  the  10  c.c.  weighed  9  •  449  grams, 
its  specific  gravity  would  of  course  be  0-9449,  water  =  1< 
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The  weighed  quantity  of  the  ammonia,  is  then  diluted  with 
6  or  8  times  its  bulk  of  distilled  water,  and  titrated  direct 
with  the  standard  acid. 

Ammonia  in  combination  may  be  determined  by  expel- 
ling it  by  means  of  caustic  soda  or  lime,  collecting  the 
evolved  ammonia  in  a  known  volume  of  standard  acid,  and 
determining  the  excess  of  acid  by  standard  soda  solution. 

The  following  shows  the  method  of  determining  the 
amount  of  ammonia  in  ferrous  ammonium  sulphate : — 
Fe(NH4)2(S04)26H2O. 

The  apparatus  employed  is  shown  in  Fig.  33.  It  consists 
of  a  large  flask  A,  having  a  capacity  of  about  30  fluid  ounces, 
fitted  with  a  cork  pierced  with  two  holes,  into  one  of  which 
is  inserted  a  tube  B  about  4  inches  long,  and  half  an  inch 
internal  diameter,  containing  pieces  of  broken  glass,  and 
closed  at  the  top  with  a  cork,  through  which  passes  a  small 
tube  the  diameter  of  a  goose-quill,  and  about  2  inches  long. 
Into  the  other  hole  is  fixed  a  bent  tube,  C,  one  end  of  which 
passes  nearly  to  the  bottom  of  the  flask  A,  the  other  being 
connected,  by  an  india-rubber  joint,  to  a  similar  tube  passing 
through  a  cork  adapted  to  a  second  flask  E,  of  about  15 
ounces  capacity ;  a  small  funnel  D  is  also  passed  through  the 
cork  so  as  to  nearly  reach  to  the  bottom  of  the  flask  E.  A  sand 
bath  F,  supported  on  a  tripod  G,  and  a  Bunsen  burner  H,  com- 
pletes the  apparatus.  There  are  various  modifications  of  this 
apparatus  employed,  but  the  one  described  is  about  the  most 
simple.  Having  connected  the  whole  apparatus  together,  as 
shown,  100  cubic  centimetres  of  normal  sulphuric  acid  are 
poured,  by  means  of  a  pipette,  through  the  tube  B  into  the  flask 
A,  so  as  to  thoroughly  moisten  with  acid  the  pieces  of  glass 
in  the  tube  B.  About  1  gram  of  the  pure  salt  is  accurately 
weighed  out,  all  crystals  showing  a  yellowish  tinge  being  re- 
jected. The  quantity  weighed  out  is  dissolved  in  about  50  c.c. 
of  distilled  water,  and  the  solution  is  poured  into  the  flask  E. 

About  50  c.c.  of  a  strong  solution  of  sodium  hydrate  is 
then  poured  into  E,  the  funnel  tube  rinsed  out  with  a  little 
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distilled  water,  and  the  stop-cock  closed.  The  burner  is  then 
lit  beneath  the  sand-bath,  and  the  contents  of  the  flask  E 
brought  to  incipient  boiling.  Ammonia  will  then  be  disen- 
gaged, and  will  be  absorbed  by  the  acid  in  the  flask  A,  and  in 
the  tube  B.  The  tube  C  should  only  just  touch  the  acid  in 
the  flask  A.  When  the  ammonia  ceases  to  be  absorbed,  the 


FIG.  33. 

flame  should  be  raised,  and  the  contents  of  the  flask  E  kept 
briskly  boiling  for  ten  minutes. 

The  apparatus  is  then  disconnected,  and  the  pieces  of 
glass  in  B  rinsed  with  a  little  distilled  water  into  the 
flask  A.  The  liquid  in  A  is  then  made  up  to  exactly  200 
cubic  centimetres,  and  divided  into  two  portions  of  100  c.a 
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each.  A  50  o.c.  burette  is  then  filled  with  normal  soda 
solution,  and  one  portion  of  the  acid  solution,  coloured  with  a 
few  drops  of  solution  of  cochineal,  is  titrated  with  the  soda 
solution,  the  remaining  portion  being  similarly  treated.  The 
two  titrations  should  not  differ  by  more  than  ^  o.o. 

Example: — 1  •  3723  grams  of  crystallised  ferrous  ammonium 
sulphate  were  weighed  out,  and  treated  as  above  described, 
the  ammonia  evolved  being  absorbed  by  100  c.c.  of  normal 
sulphuric  acid.  After  absorption,  the  acid  solution  was  made 
up  to  200  c.c.,  and  divided  into  two  portions.  100  c.o.  of  this 
liquid  ( =  50  of  the  original  solution)  required  46  *  5  c.c.  of 
normal  soda  solution  to  neutralise  it,  consequently,  the  whole 
of  the  solution  would  require  46*5x2  =  93  c.c.  of  the  soda 
solution.  The  number  of  c.c.  neutralised  by  the  ammonia  = 
100  —  93  =  7  "00,  and  since  each  c.c.  of  acid  corresponds  to 
0-018  gram  of  NH4,  the  weight  of  NH4  in  the  salt  =  0-018 
X  7  =  0-126  grams, 

.•.  the  percentage  of  NH4  =  — 1.3723 —  =  9'18, 

which  agrees  with  the  percentage  demanded  by  theory,  as 
under. 

The  molecular  weight  of  Fe(NH4)2(S04)2,6H20  =  392, 
and  this  contains  36  parts  by  weight  of  NH4,  consequently, 

As  392  :  100  : :  36  :  x.     x  =  9-18. 

60.  Another  example  of  the  process  of  alkalimetry  as  ap- 
plied to  the  requirements  of  gasworks,  is  that  of  the  analysis 
of  lime. 

In  this  case  the  lime,  either  in  the  form  of  carbonate  or  of 
caustic  lime,  is  dissolved  in  an  excess  of  standard  hydrochloric 
acid,  the  volume  of  acid  noted,  and  retitrated  with  a  standard 
solution  of  caustic  soda.  The  volume  of  caustic  soda  now  re- 
quired to  neutralise  the  acid  is  deducted  from  the  amount  of 
acid  originally  added ;  the  difference  represents  the  amount  of 
acid  which  has  entered  into  combination  with  the  lime. 
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Each  c.o.  of  acid  used  represents  0  •  028  gram  of  caustic  lime, 
or  0  •  037  gram  of  calcic  hydrate,  or  0  •  050  gram  of  CaCOs.  This 
method  of  determination  is  termed  the  "  residual "  method. 

Full  details  are  given  under  the  heading  "Analysis  of 
Lime  "  in  the  Special  Part. 


PROCESSES  OF  OXIDATION  AND  REDUCTION. 

The  principles  involved  in  analytical  processes  based  on 
the  methods  of  oxidation  and  reduction  are  extremely  simple ; 
substances  capable  of  absorbing  oxygen  are  dissolved,  and 
titrated  with  another  substance  of  known  oxidising  power,  as 
for  example  in  the  estimation  of  iron  in  ferrous  compounds 
by  means  of  permanganate  of  potash.  The  iron  is  eager  to 
receive  oxygen,  and  the  permanganate  is  willing  to  give 
it  up.  During  the  process  of  absorption,  the  permanganate 
instantly  loses  its  colour  on  being  added  to  the  iron  solution, 
and  the  whole  mixture  is  colourless,  but  as  soon  as  the  iron 
has  taken  up  its  complement  of  oxygen,  or  has  been  converted 
into  the  higher  state  of  oxidation  as  a  ferric  salt,  the  rose 
colour  of  the  permanganate  solution  no  longer  disappears,  as 
there  is  no  more  oxidisable  iron  to  operate  on.  The  follow- 
ing equation  expresses  what  has  taken  place  in  the  above 
reaction : — 

lOFeO  +  2MnK04=  5Fe208+  2MnO  +  K20. 

The  oxidising  agents  commonly  employed  are  potassium 
permanganate,  potassium  bichromate,  and  iodine,  the  common 
reducing  agents  being  sulphurous  acid,  sodic  hyposulphite, 
stannous  chloride  and  zinc. 

A  great  many  combinations  may  be  arranged  with  this 
variety  of  materials,  so  as  to  make  this  system  of  analysis 
very  comprehensive.  The  following,  however,  are  the  most 
typical,  and  serve  to  show  the  applicability  of  the  system  to 
the  requirements  of  a  gasworks. 

(a)  Permanganate  of  potash  and  ferrous  salts,  the  rose 
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colour  of  the  permanganate  acting  as  indicator  (may  be  used 
in  the  analysis  of  Weldon  Mud). 

(6)  Bichromate  of  potash  and  ferrous  salts,  the  end  of  the 
reaction  being  shown  by  the  cessation  of  the  blue  colour 
when  brought  in  contact  with  a  solution  of  ferricyanide  of 
potassium  as  indicator  (may  be  used  in  the  estimation  of  iron 
oxides  for  purifying  purposes,  bog  ore). 

(c)  Iodine  with  starch  as  indicator  (may  be  used  in  the 
estimation  of  SH2  in  gas  liquor). 


PREPARATION  AND  USE  OP  POTASSIUM  PERMANGANATE 
SOLUTION. 

61.  The  molecular  weight  of  potassium  permanganate 
(Mn2K2O8)  =  316-0,  and  as  shown  in  the  equation  previously 
given,  1  equivalent,  or  316  parts  by  weight  of  the  salt,  is 
equal  to  10  equivalents,  or  560  parts  of  iron.  In  order  to  pre- 
pare a  decinormal  solution  of  permanganate,  therefore,  3*16 
grams  of  the  pure  salt  may  be  dissolved  in  a  litre  of  water. 
17 '85  c.c.  of  this  solution  should  then  peroxidise  0*1  gram  of 
iron;  for  1000  c.c.  being  equal  to  5*16  grams  Fe,  17-85  c.c. 
are  equal  to  0-1  gram.  The  above  method,  theoretically, 
should  give  a  solution  of  the  exact  strength,  but  practically 
we  cannot  calculate  the  strength  of  such  a  solution,  i.e.  the 
amount  of  oxygen  that  it  is  capable  of  yielding,  beforehand, 
on  account  of  its  instability.  It  is  absolutely  necessary, 
therefore,  to  determine  the  power  of  the  solution  by  direct 
experiment  before  using  it.  It  is  consequently  not  essential 
to  make  the  solution  strictly  decinormal,  as  its  power  is 
accurately  determined  by  experiment  before  use. 

About  5  grams  of  the  pure  crystallised  salt  are  dissolved 
in  a  small  quantity  of  distilled  water,  and  the  resulting 
solution  is  diluted  to  1  litre. 

The  solution  should  be  kept  in  a  dark  blue  Winchester 
quart  bottle,  and  when  not  in  use  should  be  stored  in  a  cool 
dark  place,  as  the  liquid,  if  exposed  to  light,  becomes  weaker 

H  2 
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owing  to  the  decomposition  of  the  salt;  but  a  solution  pre- 
served in  the  above  manner  may  be  kept  for  a  long  period 
without  experiencing  much  alteration. 

The  most  accurate  method  of  estimating  the  strength  of 
the  solution  consists  in  determining  the  amount  required  to 
transform  a  known  weight  of  iron  from  the  condition  of 
ferrous  oxide  to  that  of  ferric  oxide. 

This  is  effected  as  follows : — About  1  gram  of  fine  iron  wire 
(flower  wire),  quite  free  from  rust,  is  accurately  weighed  out 
into  a  250  c.c.  flask,  and  dissolved  in  about  100  c.c.  of  dilute 
sulphuric  acid  (1  part  of  acid  to  6  of  water).  A  small 
quantity  of  carbonate  of  soda  is  thrown  into  the  liquid  at 
the  same  time,  in  order  that  the  air  within  the  flask  may  be 
displaced  by  carbon  dioxide. 

The  flask  is  provided  with  a  cork  and  bent  glass  tube, 
furnished  with  a  brass  pinch-cock ;  the  end  of  the  tube  dips 
beneath  the  surface  of  about  25  c.c.  of  water  contained  in 
a  small  flask,  Fig.  34.  Whilst  the  iron  is  dissolving,  the 
pinch-cock  closing  the  india-rubber  connecting  tube  is  taken 
off  the  latter,  and  slipped  over  the  glass  tube;  by  so  doing 
there  is  a  free  communication  between  the  two  flasks.  The 
solution  of  the  iron  may  be  accelerated  by  a  gentle  heat. 
The  liquid  is  gradually  brought  to  the  boiling  point,  and 
kept  briskly  boiling  for  a  minute  or  two,  so  as  to  expel  the 
mixture  of  C02  and  hydrogen ;  the  india-rubber  tube  is  then 
immediately  closed,  and  the  burner  removed.  In  the  course 
of  a  minute  or  so  the  pinch-cock  is  again  opened,  when  the 
water  from  the  small  flask  is  driven  over  into  the  solution 
of  iron.  In  proportion  as  it  passes  over,  boiling  distilled 
water  is  poured  into  the  smaller  flask,  until  the  larger  one 
is  almost  filled.  The  india-rubber  tube  is  then  once  more 
closed,  the  flask  and  its  contents  allowed  to  cool,  and  the 
volume  of  the  liquid  made  up  to  the  containing  mark ;  the 
stopper  of  the  flask  is  inserted,  and  the  liquid  well  shaken 
so  as  to  cause  it  to  be  thoroughly  mixed.  Whilst  the  solution 
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cools,  a  Mohr'B  burette  fitted  with  a  glaas  stop-cock  (the 
permanganate  solution  gradually  attacks  india-rubber)  is 
first  rinsed  out  with,  and  then  filled  with  the  permanganate 
solution  prepared  as  above.  When  cool,  50  c.c.  of  iron 
solution  are  taken  out  of  the  flask,  and  poured  into  about 
200  c.c.  of  distilled  water,  contained  in  a  beaker  standing 
on  a  sheet  of  white  paper.  The  permanganate  solution  is 
then  added,  drop  by  drop,  to  the  liquid,  with  constant 


stirring,  until  the  pink  colour  imparted  to  the  solution 
remains.  The  permanganate  is  at  first  decomposed  with 
great  rapidity,  but  as  the  iron  becomes  oxidised  the  colour 
disappears  more  slowly,  the  rapidity  of  the  change  indicating 
the  progress  of  the  oxidation.  The  operation  of  standardising 
thus  described  should  be  repeated  once  or  twice  on  successive 
portions  of  50  c.c.  of  iron  solution,  and  the  mean  of  the 
results  taken  as  representing  the  true  value  of  the  per- 
manganate solution. 
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The  reactions  occurring  in  the  foregoing  are  expressed  by 
the  following  equations  : — 

10FeS04  4-  2KMn04  -f  8H2S04 
=  5Fe2(S04)s  +  2MnS04  +  K2S04  +  8H20, 

or,  shortly, 

lOFeO  -f  Mn207  =  2MnO  +  5Fe203. 

As  an  illustration,  let  us  assume  that  we  have  weighed 
out  1  •  10  grams  of  iron,  and  dissolved  it  in  250  c.c.  of  liquid ; 
50  c.c.  of  the  solution,  or  a  fifth  part,  would  be  equivalent  to 
0*2200  gram  of  iron.  The  iron  employed,  however,  is  not 
chemically  pure,  but  if  we  assume  that  its  impurities  amount 
to  0*4  per  cent,  we  shall  not  be  far  out.  The  amount  of 
pure  iron  in  the  50  c.c.  is  therefore 

1  :  0-996  : :  0-2200  :  x.     x  =  0-21912. 

We  will  further  suppose  that  it  has  required  20  c.c.  of  the 
permanganate  solution  to  produce  a  permanent  coloration 
with  the  50  c.c.  of  iron  solution.  Then,  as  20  c.c.  perman- 
ganate solution  converts  0*21912  grams  iron  from  protoxide 
to  peroxide,  100  c.c.  permanganate  are  equivalent  to  1-09560 
grams  iron,  or  1  c.c.  to  0*010956  gram. 

The  strength  of  the  permanganate  solution  may  also  be 
determined  by  means  of  pure  ferrous  sulphate,  precipitated 
from  its  aqueous  solution  by  means  of  alcohol.  Ferrous 
sulphate  so  prepared  keeps  unchanged  for  very  long 
periods. 

Instead  of  Fe  S04,  the  double  sulphate  of  iron  and  am- 
monium FeSO4(NH4)2SO4  -f  6H2O  may  be  employed.  This 
contains  exactly  one-seventh  of  its  weight  of  iron :  7  grams 
of  salt  being  equivalent  to  1  gram  of  iron.  The  strength  of 
the  solution  may  also  be  determined  by  means  of  oxalic  acid. 

Of  the  several  substances  which  may  be  used  for  titrating 
the  permanganate  solution,  metallic  iron  is  the  best ;  but 
whichever  method  is  adopted,  it  is  absolutely  necessary  that 
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the  solution  to  be  titrated  should  contain  free  sulphuric  acid. 
If  there  is  a  deficiency  of  free  acid,  the  solution  turns  brown 
and  eventually  a  precipitate  collects.  It  is  necessary  to  exer- 
cise discretion  as  to  the  acid  employed  for  acidulation.  Nitric 
acid  cannot  well  be  employed  under  any  circumstances. 
Hydrochloric  acid  is  liable  to  be  oxidised  and  give  off 
chlorine,  unless  it  is  very  considerably  diluted,  and  this 
change  interferes  with  the  accuracy  of  the  result.  Organic 
matter  also  reduces  the  permanganate,  and  destroys  the  ac- 
curacy of  the  determination. 

62.  Permanganate  of  potash  may  be  employed  in  deter- 
mining the  amount  of  Mn02  in  the  Weldon  Mud  employed 
in  gas  purification. 

The  method  depends  upon  the  fact  than  when  Mn02  is 
treated  with  an  acid,  it  is  decomposed  and  oxygen  liberated, 
which  combines  with  any  substance  present  ready  to  receive 
it.  In  the  present  instance  the  substance  is  a  ferrous  salt  in 
an  acid  solution.  The  amount  of  permanganate  required  to 
oxidise  a  definite  amount  of  the  ferrous  salt  being  known,  on 
adding  a  weighed  amount  of  the  Mud  to  this  solution,  on  again 
titrating  with  permanganate,  it  will  be  found  that  we  do  not 
require  so  much  of  that  solution  as  we  did  in  the  first 
instance,  due  to  the  fact  that  the  oxygen  of  the  Mn02  in  the 
Weldon  Mud,  has  supplied  the  place  of  the  oxygen  of  the 
permanganate  solution. 

About  1*5  to  2  grams  of  "flower  wire,"  perfectly  free 
from  rust,  are  accurately  weighed  out  and  dissolved  in 
100  c.c.  of  dilute  H2S04  (1  of  acid  to  4  of  water)  in  the 
apparatus  shown  in  Fig.  34.  About  the  same  weight  of  the 
finely  powdered  Mud  is  then  added  to  the  iron  solution,  and 
the  liquid  is  gently  heated  until  the  Mud  is  dissolved.  The 
solution  is  then  boiled,  the  water  allowed  to  flow  back,  and 
the  contents  of  the  flask  made  up  to  250  c.c.  When  cold,  the 
amount  of  residual  ferrous  sulphate  is  determined  by  the 
permanganate  solution, 
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The  following  equation  shows  what  takes  place  : — 

2FeS04  +  Mn02  +  2H2S04  =  Fe2(S04)s  +  MnSO 
+  2H20. 

112  parts  of  iron  correspond  to  87*0  of  MnO2. 

Example  : — 1  *  756  grams  of  flower  wire  were  weighed  out 
=  1*756  x  996  =  1*749  grams  pure  iron.  This  was  dis- 
solved in  the  requisite  quantity  of  dilute  sulphuric  acid,  and 
2 . 12  grams  Weldon  Mud  added  to  the  iron  solution.  When 
cold,  the  solution  required  86-2  of  permanganate  solution. 
1  c.c.  permanganate  =  0*010956  Fe;  consequently  0*010956 
X  86*2  =  0*944407  Fe.  1*749  -  0*944407  =  0*8046  gram 
of  iron,  has  been  oxidised  by  the  manganese  dioxide. 

Then  as  112  :  87  : :  0*8046  :  x.        x=  -625, 

and  2*12  :  0-625  ::  100  :  29*48. 

The  Weldon  Mud  therefore  contained  29*48  per  cent,  of 
manganese  dioxide. 

USE  OF  POTASSIUM  BICHROMATE  SOLUTION. 

63.  When  used  as  an  oxidising  agent  in  volumetric 
analysis,  potassium  bichromate  always  yields  the  whole  of 
its  oxygen  to  the  hydrogen  of  the  accompanying  acid,  a 
corresponding  quantity  of  acidulous  radical  being  set  free, 
four-sevenths  of  this  radical  immediately  combining  with 
the  potassium  and  chromium  of  the  potassium  bichromate, 
three-sevenths  becoming  available.  Advantage  is  taken  of 
this  property  in  the  estimation  of  iron  (ferrous)  salts.  Thus, 
if  a  solution  of  a  ferrous  salt  is  acidified  with  a  dilute  acid 
(sulphuric)  it  is  at  once  converted  into  a  ferric  salt  on  adding 
a  solution  of  potassium  bichromate  in  sufficient  quantity,  the 
reaction  being  as  under. 

6FeS04  -h  K2Cr207  +  7H2S04 

=  3Fe2(S04)a  +  Cra(S04)3+  K2S04 
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From  this  it  will  be  seen  that  one  equivalent  or  294-42 
parts  of  potassium  bichromate  will  convert  6  equivalents,  or 
336  parts  of  iron,  from  the  ferrous  into  the  ferric  state.  The 
final  completion  of  the  change  of  ferrous  into  ferric  salt  in 
the  above  reaction  is  ascertained  by  bringing  a  drop  of  the 
solution  in  contact  with  a  drop  of  solution  of  freshly 
prepared  potassium  ferricyanide,  when  no  blue  coloration 
will  be  produced.  So  long  as  the  faintest  trace  of  ferrous 
sulphate  remains,  a  drop  of  the  liquid  will  give  a  blue  colour 
with  the  solution  of  potassium  ferricyanide. 

The  solution  of  bichromate  can  be  standardised  syn- 
thetically. -gV  of  294-42  grams  =  4-907  grams  of  the  pure 
dry  reagent,  dissolved  in  distilled  water  to  1  litre,  should 
give  a  solution  of  which  each  c.c.  peroxidises  •£$  Fe  =  0*0056 
gram  of  iron. 

The  principal  impurity  in  the  salt  to  be  avoided  is 
sulphate.  In  order  to  test  for  it,  dissolve  1  gram  in  10  per 
cent,  hydrochloric  acid,  and  heat  with  a  few  drops  of  alcohol, 
to  reduce  the  Cr03  to  Cr2Cl6.  Dilute  the  dark-green  solution, 
add  chloride  of  barium,  and  allow  to  stand  for  twelve  hours. 
Then  decant  off  all  except  a  few  drops  into  another  vessel, 
and  dilute  the  slight  residue  with  distilled  water.  The 
least  quantity  of  sulphate  of  barium  becomes  visible. 

In  order  to  dehydrate  the  salt  it  is  powdered,  and  after 
having  been  kept  near  its  fusing  point  for  about  10  minutes, 
it  is  fused  at  the  lowest  sufficient  temperature.  On  cooling 
it  breaks  up  into  numerous  little  fragments,  and  thus 
spontaneously  assumes  a  convenient  form  for  being  weighed 
out. 

The  titre,  as  calculated  from  the  synthesis,  ought  to  be 
perfectly  correct ;  but  unfortunately  there  is  no  method  for 
proving  the  absence  of  surplus  chromic  acid  in  the  salt, 
which,  if  present,  would  alter  the  strength  of  the  solution. 
It  is  necessary,  therefore,  to  test  the  strength  of  the  solution 
by  direct  experiment.  For  this  purpose  a  solution  of  ferrous 
sulphate  of  known  strength  is  required.  This  is  prepared 
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from  a  weighed  quantity  either  of  metallic  iron,  or  of  ferrous 
ammonium  sulphate. 

In  order  to  prepare  the  ferrous  sulphate  from  metallic 
iron,  about  1  gram  of  flower  wire,  free  from  rust,  and  in 
pieces  of  about  an  inch  long,  are  accurately  weighed  out. 
Then  fit  up  the  apparatus  shewn  in  Fig.  35.  This  consists 
of  a  10-ounce  round  flask,  provided  with  a  perforated  cork, 
through  which  passes  a  bent  glass  tube,  one  end  of  which 
passes  just  through  the  cork,  while  the  other  end  dips  below 
the  surface  of  a  little  water  contained  in  a  small  beaker. 
The  flask  is  clamped  in  a  slanting  position  upon  a  retort 
stand  as  shewn.  The  flask  is  now  half  filled  with  dilute 
sulphuric  acid,  a  small  piece  of  pure  calc  spar  dropped  in, 
and  the  cork  and  tube  replaced.  The  calc  spar  will  dissolve, 
giving  off  carbon  dioxide,  which  will  replace  the  air  in  the 
flask.  When  the  effervescence  has  been  kept  up  for  some 
time,  add  the  weighed  wire,  fit  in  the  cork  and  tube,  and 
arrange  the  apparatus  as  shewn  in  the  figure.  Heat  the 
flask  gently,  and  continue  the  heating  until  the  wire  is  dis- 
solved. While  the  iron  is  dissolving,  some  cold  water  free 
from  dissolved  oxygen  may  be  prepared  by  boiling  some 
distilled  water  for  a  few  minutes,  and  then  rapidly  cooling  it 
by  immersing  the  flask  in  cold  water.  As  soon  as  the  iron 
wire  is  all  dissolved,  cool  the  solution,  transfer  it  rapidly  to 
a  250  c.c.  flask,  and  rinse  out  the  flask  in  which  the  iron 
was  dissolved  several  times  with  the  air-free  water  prepared 
as  above,  into  the  measuring  flask,  finally  making  up  the 
solution  to  the  250  mark  with  the  air-free  water. 

The  titration  is  conducted  as  follows : — A  50  c.c.  burette 
is  filled  with  the  solution  of  potassium  bichromate.  25  c.c. 
of  the  iron  solution  are  measured  out  into  a  10-ounce  flask, 
and  diluted  with  about  50  c.c.  of  air-free  water.  A  number 
of  drops  of  a  very  dilute  solution  of  a  freshly  prepared 
solution,  of  potassium  ferricyanide  are  then  placed  on  a  white 
tile  by  means  of  a  glass  rod.  (The  solution  of  ferricyanide  is 
prepared  when  required  from  a  compact  crystal  of  the  salt. 
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previously  washed  with  water  in  order  to  remove  any  ferru- 
cyanide.  The  solution  does  not  keep  long,  especially  if 
exposed  to  the  action  of  light.  Before  use  it  must  be  tested 
with  pure  ferric  chloride,  with  which  it  should  give  a  brown 
colour,  free  from  all  shade  of  green.) 

The  solution  of  bichromate  is  now  run  from  the  burette 
into  the  iron  solution,  mixing  well  after  each  addition.  As 
the  solution  of  bichromate  is  being  run  in,  a  drop  of  the  iron 
solution  is  taken  out  of  the  flask  from  time  to  time,  by 
dipping  a  clean  glass  rod  into  the  liquid,  and  bringing  the 
drop  adhering  to  the  rod  into  contact  with  one  of  the  drops 
of  potassium  ferricyanide  solution  on  the  tile.  With  the 
first  few  drops  a  deep  blue  coloration  will  be  produced,  but 
as  the  addition  of  the  bichromate  proceeds,  the  colour 
produced  by  the  ferricyanide  will  gradually  become  fainter, 
and  will  finally  disappear.  When  this  stage  is  reached  the 
volume  of  bichromate  solution  used  is  read  off. 

Two  more  similar  titrations  should  then  be  made,  the 
whole  volume  of  bichromate  solution  required,  as  obtained 
from  the  first  or  preliminary  titration,  being  run  in  at  once 
within  half  a  c.c.,  and  the  last  portion  being  added  gradually, 
drop  by  drop.  The  results  of  these  separate  titrations 
should  not  differ  by  more  than  the  tenth  of  a  cubic  centi- 
metre. 

It  is  necessary  to  multiply  the  weight  of  iron  contained  in 
the  solution  employed  in  this  titration  by  0*996,  in  order  to 
correct  it  for  impurities  present  in  the  wire  orginally  used, 
and  from  the  weight  of  pure  iron  thus  found,  the  exact 
strength  of  the  standard  solution  of  bichromate  may  be 
calculated. 

Example : — 1  •  338  grams  of  flower  wire  were  dissolved  as 
above,  and  the  solution  made  up  to  250  c.c.  25  c.c.  of  this 
solution  required  23 '6  c.c.  of  the  standard  bichromate 
solution. 

Therefore  236  c.c.  of  bichromate  solution  correspond  to 
1  •  338  grams  of  wire, 
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Consequently  1000  c.c.  will  correspond  to  -  

23o 

=  5*6695  grams  of  wire,  which  are  equal  to  5-6695  x  0-996 
=  5*6468  grams  of  pure  iron. 

Each  c.c.  of  the  bichromate  solution  is  therefore  equivalent 
to  0*005646  gram  of  Fe. 

In  order  to  standardise  the  bichromate  solution  by  means 
of  ferrous  ammonia  sulphate,  Fe(NH4)2(S04)26H2O,  weigh 
out  exactly  seven  grams  of  the  substance,  dissolve  it  in  air- 
free  water,  and  make  up  the  solution  to  250  c.c.  as  already 
described.  The  above  weight  of  the  salt  will  make  a 
solution  containing  four  grams  of  iron  per  litre,  since  the  salt 
contains  one-seventh  its  weight  of  iron. 

The  solution  is  titrated  in  exactly  the  same  manner  as 
the  solution  of  iron  wire  just  described,  with  the  exception 
that  it  is  necessary  to  add  a  little  dilute  sulphuric  acid  to 
the  iron  solution,  before  running  in  the  bichromate. 

The  above  method  may  be  applied  in  the  determination 
of  the  amount  of  iron  contained  in  the  oxide  of  iron  employed 
in  gas  purification. 

64.  The  following  example  shows  the  method  of  pro- 
cedure in  the  case  of  haematite,  which  is  an  iron  ore  very 
rich  in  ferric  oxide.  Weigh  out  about  2*5  grams  of 
haematite  iron  ore  in  the  state  of  very  fine  powder.  Place 
the  ore  into  a  beaker,  and  add  hydrochloric  acid  diluted  with 
its  own  volume  of  water.  Cover  the  beaker  with  a  clock-glass, 

O  " 

and  apply  a  gentle  heat  for  about  half-an-hour.  Then  add 
a  small  quantity  of  distilled  water,  allow  any  portion  not 
dissolved  to  settle  down,  and  decant  the  solution  through  a 
filter.  Treat  the  residue  again  with  a  small  quantity  of 
dilute  acid,  and  decant  the  liquid  through  the  same  filter  as 
before.  By  these  operations  all  the  iron  will  generally  be 
extracted  from  the  ore,  but  it  is  necessary  to  see  whether 
this  is  the  case  or  not  by  testing  a  drop  of  the  solution  with 
a  solution  of  potassium  sulphocyanide.  Should  a  decided  red 
coloration  ensue,  it  will  be  necessary  to  treat  the  or«  a 
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third  time  with  acid,  and  continue  this  treatment  until  no 
more  iron  is  extracted.  When  this  stage  is  arrived  at,  the 
residue  is  transferred  to  the  filter,  and  washed  free  from 
acid,  using  as  small  a  quantity  of  water  as  possible  during 
the  operation.  The  iron  which  is  present  in  the  solution  in 
the  ferric  state  is  now  converted  into  the  ferrous  state. 

In  order  to  effect  this  conversion,  the  solution  and 
washings  are  transferred  to  the  flask  shown  in  Fig.  35. 
Should  the  whole  of  the  liquid  more  than  half  fill  the  flask, 


FIG.  35. 


it  will  be  necessary  first  to  evaporate  it  down  to  the  bulk 
required.  Strong  hydrochloric  acid  is  then  added,  and 
fragments  of  granulated  zinc  free  from  iron  are  dropped  into 
the  flask.  The  acid  will  dissolve  the  zinc,  with  the  evolution 
of  hydrogen.  A  portion  of  the  nascent  hydrogen  thus 
evolved  will  act  upon  the  ferric  chloride  and  reduce  it  to 
ferrous  chloride,  the  colour  of  the  solution  changing  at  the 
same  time  from  yellow  to  pale  green.  After  a  time  the 
action  will  become  rather  sluggish ;  it  will  then  be  necessary 
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to  gently  heat  the  liquid  in  order  to  promote  the  action, 
continuing  the  heating  until  all  the  zinc  is  dissolved. 

Before  proceeding  with  the  titration,  it  is  necessary  to 
see  that  the  whole  of  the  iron  is  converted  into  the  ferrous 
state,  by  taking  out  a  drop  of  the  solution  with  a  clean  glass 
rod,  and  bringing  it  into  contact  with  a  drop  of  potassium 
sulphocyanide  deposited  on  a  white  tile.  No  red  colour,  or 
only  an  exceedingly  faint  pink  tint,  should  result.  If  a 
distinct  red  colour  is  produced,  it  will  be  necessary  to  add 
more  zinc  and  hydrochloric  acid,  and  the  operation  of  re- 
duction continued  as  above  until  all  the  zinc  has  dissolved. 
When  the  zinc  has  dissolved,  the  solution  is  then  again 
tested  with  sulphocyanide,  and  the  same  operations  repeated 
until  all  traces  of  the  ferric  salt  has  disappeared. 

When  the  whole  of  the  iron  has  been  converted  to  the 
ferrous  state,  the  solution  is  rapidly  cooled  out  of  contact 
with  the  air,  and  immediately  made  up  to  250  c.c.  with  uir- 
free  water. 

The  titration  is  then  at  once  effected  as  in  (63),  and  com- 
pleted as  soon  as  possible. 

The  value  of  the  bichromate  solution  being  known,  from 
the  volume  of  that  solution  used,  the  quantity  of  iron  present 
in  the  ore  may  be  calculated,  and  from  that  the  percentage. 


USE  OF  STANDARD  IODINE  SOLUTION. 

65.  Iodine  dissolved  in  iodide  of  potassium  may  be  used 
for  numerous  volumetric  determinations,  amongst  others 
that  of  H2S  in  aqueous  solution,  and  upon  this,  a  method  for 
determining  the  H2S  in  gas  liquor  is  based.  In  the  present 
example  we  require  a  decinormal  solution  of  iodine,  and  a 
solution  of  starch. 

127 
The  solution  of  iodine  should  contain  —  -  =  12  •  7  grama 

of  pure  iodine   per  litre.     12-7  grams  of  pure  resublimed 
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iodine  are  accurately  weighed  out  from  a  stoppered  bottle 
into  a  litre  flask.  About  20  grams  of  pure  potassium  iodide 
are  then  added,'  together  with  about  250  c.c.  of  distilled 
water.  The  contents  of  the  flask  are  well  shaken  until  the 
iodine  is  completely  dissolved,  when  the  flask  is  filled  up  to 
the  mark  with  distilled  water. 

Owing  to  the  volatility  of  iodine,  it  is  difficult  to  weigh 
out  exactly  the  quantity  requisite  to  make  the  standard 
solution.  In  order  to  get  over  this  difficulty,  about  13  grams 
may  be  weighed  out  by  difference,  this  is  then  dissolved  in 
the  manner  above  described,  and  made  up  to  the  volume 
necessary  to  furnish  a  solution  of  decinormal  strength. 
Thus,  supposing  12-826  grams  were  weighed  out,  the 

i          *«.    •  A-         i  *•              •    A         i^   1QQQX12-826 
volume  of  the  iodine  solution  required  would  be 12*7 

=  1009  *  9  c.c.  This  solution  must  be  kept  in  a  well  stop- 
pered bottle,  and  in  a  cool  place. 

In  order  to  prepare  the  starch  solution,  about  1  gram  of 
starch  free  from  acid  is  made  up  into  a  thin  cream  with  a 
small  quantity  of  cold  water.  This  mixture  is  then  poured 
into  about  100  c.c.  of  boiling  water  contained  in  a  porcelain 
dish,  the  boiling  being  kept  up  for  a  few  minutes  after 
adding  the  starch.  The  liquid  is  then  allowed  to  stand 
until  cold,  when  the  clear  solution  is  poured  off,  being  then 
ready  for  use.  Starch  solution  freshly  prepared  is  much 
more  sensitive  to  the  action  of  iodine  than  that  which  has 
been  kept  for  some  time,  consequently,  wherever  practicable, 
the  solution  should  be  prepared  immediately  before  use. 

When  a  dilute  solution  of  sulphuretted  hydrogen  ig 
brought  into  contact  with  free  iodine  the  following  reaction 
takes  place. 

H2S  + 12  =  2HI  +  S. 

In  this  determination  it  is  necessary  that  the  solution  con- 
taining the  H2S  to  be  determined  does  not  contain  more 
than  0*04  per  cent,  of  the  gas,  otherwise  there  is  a  possibility 
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of  the  change  not  taking  place  entirely  according  to  the 
above  equation. 

Measure  out  a  portion  of  sulphuretted  hydrogen  water 
made  by  passing  the  gas  into  water,  and  titrate  this  with 
the  decinormal  iodine  solution.  This  titration  is  made  in 
order  to  give  a  rough  idea  of  the  quantity  of  SH2  in  the 
solution,  should  the  latter  contain  more  than  0'04  per  cent, 
of  the  gas,  the  rest  of  the  solution  is  measured  out  and 
diluted  with  air-free  water  to  the  requisite  volume,  and  a 
measured  volume  of  this  diluted  solution  titrated  with  the 
iodine  solution.  This  titration  will  indicate  very  nearly 
the  proper  amount  of  iodine  solution  required. 

During  the  process  of  titration  as  conducted  above,  there 
is  a  liability  of  loss  of  gas  by  its  escaping  into  the  air,  and 
also  by  the  oxidising  action  of  the  same,  and  these  tend  to 
make  the  results  rather  low.  In  order  to  avoid  this  source  of 
error  the  following  method  of  procedure  may  be  adopted. 
Introduce  into  a  flask  almost  but  not  quite  as  much. iodine 
solution  as  was  required  in  the  last  titration,  and  add  to  this 
the  quantity  of  diluted  sulphuretted  hydrogen  solution 
employed  in  that  particular  titration.  This  amount  will 
destroy  the  colour  of  the  iodine  solution.  Now  add  a  little 
starch  solution,  and  carefully  run  in  more  iodine  solution 
until  a  permanent  blue  colour  is  just  obtained. 

From  the  total  volume  of  iodine  solution  used  the  amount 

of  sulphuretted  hydrogen  can  be  calculated.  Each  c.c.  — 
iodine  solution  =  0-0017  gram  H2S. 
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PAKT  IV. 

SPECIAL  ANALYSES    REQUIRED  IN  GASWORKS. 

I.  PROXIMATE  ANALYSIS  OF  COAL. 

66.  THE  proximate  analysis  of  coal  consists  of  the 
following  determinations : — Moisture  lost  at  some  stated 
temperature,  volatile  matter,  fixed  carbon,  ash,  sulphur. 
The  actual  amounts  of  carbon,  hydrogen,  and  nitrogen,  are 
determined  by  means  of  elementary  organic  analysis. 

Estimation  of  Moisture. 

The  actual  temperature  at  which  coal  should  be  dried  is 
rather  a  disputed  point.  It  is  known  that  coal  does  not  lose 
all  its  moisture  at  100°  C.,  consequently  some  analysts 
recommend  drying  at  a  higher  temperature  than  that  of 
boiling  water,  but  as  100°  C.  is  a  temperature  easily  obtained 
and  kept  constant,  it  is  a  convenient  temperature  to  adopt  as 
a  standard.  Powder  about  two  grams  of  the  coal  very  finely, 
weigh  the  same  between  two  watch-glasses,  and  dry  in  the 
water-oven  at  a  temperature  of  100°  0.  Weigh  every  two 
hours.  After  drying  for  some  time,  it  will  be  noticed  that 
the  coal  increases  in  weight,  consequently  no  constant  weight 
will  be  obtained,  the  lowest  weight  observed  should  therefore 
be  taken.  The  increase  of  weight,  after  drying  for  a  period, 
has  been  attributed  as  being  probably  due  to  the  slow 
oxidation  of  some  matters  in  the  coal  (pyrites,  &c.),  or  it 
may  be  caused  by  the  absorption  of  gases  into  the  pores  of 
the  coal  which  the  expelled  moisture  left  vacant. 

I 
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Estimation  of  Volatile  Matter  and  Coke. 

Take  about  two  grams  of  finely  powdered  coal,  and  spread 
it  in  an  even  layer  on  the  bottom  of  a  thin  platinum  crucible. 
Weigh  without  the  cover.  Cover  the  crucible  with  its  lid,  and 
place  it  in  an  upright  position  on  an  iron  ring,  round  which, 
sufficient  platinum  wire  has  been  wound  to  prevent  any  con- 
tact between  the  iron  and  the  platinum  crucible.  Then 
apply  a  powerful  gas  flame  (to  obtain  comparable  results,  the 
length  of  the  flame  and  the  position  of  the  crucible  over  it, 
should  be  the  same  in  all  experiments).  Notice  when  the 
gases  cease  issuing  from  beneath  the  lid,  continue  the  heating 
one  minute  longer,  then  take  away  the  gas  flame,  place  the 
crucible  and  cover  for  about  five  minutes  in  a  desiccator  to 
cool,  and  weigh  it  without  the  lid  as  soon  as  possible.  The 
loss  of  weight  observed  represents  the  volatile  matter  which 
has  been  driven  oft7  by  the  heating. 


Estimation  of  the  Ash. 

Weigh  out  accurately  about  two  grams  of  finely  powdered 
coal  or  coke  in  a  platinum  boat,  made  by  bending  a  piece  of 
platinum  foil  over  a  glass  rod.  The  boat  should  be  capable 
of  being  easily  pushed  into  a  piece  of  combustion-tube  of 

Q  3^™^)  c=|::{:.E=3 

FIG.  36. 

about  one  inch  in  diameter.  The  combustion  tube  and  boat 
are  then  heated  to  redness  in  a  gas-furnace ;  at  the  same  time 
a  gentle  current  of  air  should  be  drawn  through  the  tube  by 
means  of  an  aspirator.  Care  should  be  taken  that  the  tem- 
perature does  not  become  high  enough  to  soften  the  glass,  or 
the  boat  and  tube  may  be  fused  together.  The  apparatus  is 
shown  in  Fig.  36. 
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As  soon  as  the  combustible  matter  is  entirely  consumed, 
allow  the  tube  to  cool,  then  withdraw  the  boat  and  weigh  it. 
By  this  method  of  working,  a  beautifully  clean  ash  can  be 
obtained  in  a  very  short  time.  It  is  advisable  to  take  a 
separate  portion  of  coal  for  the  determination  of  ash,  and  not 
to  weigh  a  portion  of  the  coke  obtained  in  the  determination 
of  the  volatile  matter,  as  coke  absorbs  moisture  very  rapidly. 
The  ash  should  be  preserved  for  the  further  determination  of 
the  sulphuric  acid  which  it  contains. 

Estimation  of  Sulphur. 

In  determining  the  sulphur  in  coal,  it  is  necessary  to 
distinguish  between  the  sulphur  which  goes  over  in  the 
volatile  matter,  the  sulphur  remaining  in  the  coke,  but  which 
can  be  converted  into  S02  by  combustion,  and  the  sulphur 
which  is  finally  left  in  the  ash  combined  as  sulphate.  For 
this  purpose  three  determinations  will  be  necessary. 

(1)  Total  Sulphur.— This  is  best  obtained  by  the  method 
devised  by  Nakamura,  which  consists  in  heating  the  coal 
below  a  red  heat  in  contact  with  alkaline  carbonates,  by 
which  the  coal,  whether  bituminous  or  not,  rapidly  undergoes 
without  evolution  of  smoke,  complete  atmospheric  oxidation, 
in  a  manner  hardly  to  have  been  expected.  The  details  of 
the  method  are  as  follows : — 

Weigh  out  accurately  about  two  grams  of  the  very  finely, 
powdered  coal,  and  mix  it  with  four  times  its  weight  of  dry 
fusion  mixture  (sodium  and  potassium  carbonates  mixed 
in  their  molecular  proportions).  The  mixing  is  effected  by 
adding  the  fusion  mixture  gradually  to  the  coal,  contained 
in  a  platinum  crucible,  and  stirring  constantly  with  a  dry 
glass  rod.  The  crucible  is  then  loosely  covered  with  its  lid, 
and  the  mixture  at  first  gently  heated,  so  as  not  to  volatilise 
the  hydrocarbons,  that  is,  so  that  no  smell,  or  only  a  faint 
aromatic  odour  is  given  off.  An  Argand  spirit  lamp  should 
be  used  as  the  source  of  heat,  in  order  to  avoid  the  possible 
absorption  of  sulphur  from  the  flame  of  coal  gas,  which  might 

i  2 


116  THE  GAS  ENGINEER'S  LABORATORY  HANDBOOK. 

occur  if  a  Bunsen  or  other  gas  burner  were  need.  Keep  at  a 
low  temperature  for  some  time,  then  slowly  increase  the  heat 
without  letting  it  reach  that  of  visible  redness,  until  the  sur- 
face of  the  mass,  which  is  at  first  of  a  dark  grey  colour, 
becomes  only  faintly  grey.  No  smoke  or  odorous  gases 
should  escape  during  the  whole  of  the  oxidation.  When  the 
surface  becomes  only  faintly  grey,  raise  the  temperature  to  a 
faint  red  heat,  and  keep  it  stationary  for  about  forty  to  sixty 
minutes  ;  at  the  end  of  this  time  the  mass  will  have  become 
almost  white,  owing  to  the  complete  combustion  of  the  coal, 
but  if  iron  be  present  in  the  coal  the  tint  will  be  reddish. 
The  crucible  is  now  allowed  to  cool,  and  then  placed  in  a 
beaker  of  distilled  water,  the  beaker  covered  with  a  clock- 
glass,  and  gently  heated  for  some  time,  when  it  will  generally 
be  found  that  the  mass  is  wholly  detached  from  the  crucible, 
and  the  greater  part  dissolved.  When  that  stage  is  reached, 
the  crucible  is  carefully  lifted  out  of  the  beaker  with  the 
crucible  tongs,  both  tongs  and  crucible  being  well  rinsed  with 
distilled  water  from  the  wash-bottle  into  the  beaker.  Pure 
hydrochloric  acid  is  now  added  to  the  contents  of  the  beaker, 
in  order  to  drive  off  the  carbonic  acid  (due  to  the  fusion 
mixture) ;  the  acid  should  be  added  very  cautiously,  and  in 
small  portions  at  a  time,  the  clock-glass  being  immediately 
replaced  after  each  addition,  otherwise  there  is  a  risk  of  loss 
by  spurting.  When  all  the  C02  appears  to  have  been  driven 
off,  the  solution  should  be  raised  to  incipient  ebullition,  and 
maintained  at  that  temperature  for  some  time.  It  is  then 
filtered,  with  the  object  of  removing  sand,  &c.,  which  need 
not  be  weighed.  It  is  necessary  to  be  careful  not  to  lose  any 
of  the  filtrate,  and  the  filter-paper  should  be  washed  until  it 
ceases  to  redden  blue  litmus-paper.  The  filtrate  is  then 
treated  with  a  few  drops  of  bromine,  brought  to  the  boiling 
point,  an  excess  of  solution  of  barium  chloride  added,  and 
kept  boiling  for  about  ten  minutes  longer,  the  precipitated 
BaS04  is  allowed  to  settle,  filtered,  washed  free  from  acid 
and  excess  of  BaCl2,  dried,  ignited,  and  weighed,  in  the  same 
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manner  as  in  the  typical  analysis  of  barium.  From  the 
weight  of  BaS04,  the  amount  of  sulphur  in  the  coal  operated 
on  (233  parts  BaSO<  =•  32  of  S)  is  obtained,  from  which  the 
percentage  is  easily  calculated.  To  secure  the  complete 
oxidation  of  the  coal  by  the  above  method,  it  is  most  im- 
portant that  it  should  be  powdered  as  finely  as  possible ;  the 
best  plan  is  to  sift  it  through  cotton  cloth.  Stirring  the 
mixture  during  the  oxidation,  impedes  the  process  instead  of 
hastening  it,  as  might  have  been  expected,  probably  by 
closing  the  passages  left  by  the  unconsumed  coal. 

(2)  Volatile  Sulphur  in  the  Coke. — The  sulphur,  which  is 
converted  into  sulphur  dioxide  on  combustion  of  the  coke  in 
air,  is  determined  as  follows : — 

A  quantity  of  coke,  equivalent  to  a  known  weight  of  coal, 
is  roasted  in  a  platinum  boat,  in  a  combustion  tube  in  a  current 
of  air,  as  in  the  determination  of  ash,  Fig.  36  p.  114.  The 
gaseous  products  of  combustion  are  aspirated  through  10  c.c. 
of  standard  solution  of  iodine  placed  in  a  bulbed  U-tube. 
The  following  reaction  then  occurs : — SO2  -f  I2  +2H2O  = 
H2S04  -f  2HI.  The  amount  of  free  iodine  remaining  in 
solution  is  determined  by  standard  solution  of  sodium  thio- 
sulphate,  and  the  amount  acted  on  by  the  S02  is  obtained  by 
difference.  From  this  the  weight  of  S02  and  of  S  may  be 
calculated. 

(3)  Sulphur  in  the  Ash. — This  can  be  done  in  most  cases  by 
boiling  the  ash  with  a  little  hydrochloric  acid,  filtering,  and 
washing  the  residue.      The  sulphate  is  determined  in  the 
filtrate  and  washings  as  in  (1),  or  the  ash  could  be  fused  with 
alkaline  carbonates. 

67.  The  following  are  methods  for  ascertaining  the 
amount  of  carbon,  hydrogen,  nitrogen  and  oxygen  in  coal. 
Organic  bodies  (of  which  coal  is  one)  are  always  composed 
of  hydrogen  and  carbon,  generally  in  combination  with 
oxygen,  and  often  with  nitrogen,  the  other  elements,  such  as 
chlorine,  sulphur,  &c.,  occurring  much  less  frequently. 

When    any  organic   substance    containing   carbon   and 
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hydrogen  is  burnt  in  air  or  in  oxygen,  these  elements  coin 
bine  with  the  oxygen,  and  are  converted  into  carbon  dioxide 
and  water  respectively.  Therefore,  by  making  suitable 
arrangements,  it  is  possible  to  collect  and  weigh  the  C0.2 
and  H2O,  and  from  the  weight  obtained,  to  deduce  the 
amount  of  carbon  and  hydrogen  in  the  substance  operated 
on. 

The  operation  of  burning  is  termed  making  a  "  combus- 
tion," and  is  generally  effected  in  a  current  of  air  or  oxygen ; 
but  a  common  method  is  to  heat  the  organic  substance  with 
some  material  which  will  readily  part  with  its  oxygen,  such 
as  oxide  of  copper  or  chroniate  of  lead. 


FIG.  37. 

As  combustions  are  always  made  in  tubes  (generally  of 
glass)  a  furnace  for  heating  the  same  is  needed.  There  are 
a  number  of  different  forms  of  furnaces  in  use ;  the  one 
shown  in  Fig.  37  is  known  as  "  Hoffman's."  In  this  form 
of  furnace  the  combustion  of  coal  gas,  supplied  by  a  series  of 
vertical  gas  jets,  is  effected  by  means  of  a  number  of  per- 
forated clay  burners  in  which  the  gas  is  mixed  with  air. 
These  burners  are  arranged  so  as  to  form  a  channel  for  the 
combustion  tube,  a  system  of  stop-cocks  serving  to  regulate 
the  heat,  or  to  confine  it  within  any  desired  limit.  The 
tube  in  which  the  combustion  is  made,  known  as  the  "  com- 
bustion tube,"  should  be  of  very  hard  glass,  so  as  not  to 
eoften  at  a  red  heat,  or,  if  it  does  so,  not  sufficiently  to  allow 
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it  to  be  blown  out  by  the  internal  pressure  of  the  gases.  In 
order  to  make  a  combustion  tube,  procure  a  piece  of  good 
combustion  tubing,  about  ^  inch  in  diameter  and  3  feet  long, 
thoroughly  clean  it  inside,  by  passing  a  piece  of  cotton  wool 
attached  to  a  string  through  it  several  times ;  next  heat  the 
tube  strongly  in  the  centre  over  the  blow-pipe  flame,  turning  it 
constantly  round  while  doing  so ;  then,  when  it  is  quite  soft, 
separate  the  two  halves  in  a  direction  at  right  angles  to  the 
length  of  the  tube ;  let  it  cool,  and  when  cold  cut  it  in  two  at 
the  narrowest  part,  and  seal  up  the  points  in  the  blow-pipe  so 
as  to  make  two  tubes  of  the  form  shown  in  Fig.  38,  and 
finally  round  off  the  edges  of  the  open  end  in  the  blow-pipe 
flame.  A  soft  cork  which  fits  the  tube  tightly,  and  pierced 


FIG.  38.  FIG.  39. 

with  one  hole  will  also  be  required.  The  water  is  collected 
in  a  calcium  chloride  tube,  Fig.  39.  This  tube  is  filled  with 
granulated  calcium  chloride  in  small  fragments  (but  no 
dust),  a  loosely  fitting  plug  of  cotton- wool  being  placed  over 
the  CaCl2  at  D,  in  order  to  prevent  any  small  particles  of 
CaCl2  from  being  carried  over.  The  open  end  of  the  tube 
is  closed  with  a  tight-fitting  cork  pierced  with  one  hole, 
through  which  a  piece  of  glass  tube  bent  at  right  angles 
passes.  This  cork  should  be  made  quite  gas-tight,  by  coating 
it  with  sealing-wax  or  melted  paraffin.  The  apparatus 
should  be  provided  with  a  loop  of  platinum  wire,  to  enable 
it  to  be  hung  on  the  hook  of  the  balance  when  weighing. 
When  not  in  use,  the  ends  of  the  tubes  should  be  closed  by 
small  corks,  made  by  cutting  down  the  portions  of  cork  left 
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in  the  cork-borer  when  boring  corks.     The  CO2  is  absorbed 
by  the  potash  bulbs,  shown  in  Fig.  40.     The  bulbs  are  filled, 
to  the  extent  indicated  by  the  dotted  line  in  the  figure, 
with  strong  potash  solution,  prepared  by  dissolving  three 
parts  of  potash  free  from  carbonate,  in  two  parts  of  water. 
The   bulbs   are   readily  filled  with   this 
liquid  contained  in  a  porcelain  dish,  by 
dipping  the  end  of  the  tube  connected 
with  the  larger  bulb  beneath  the  surface 
of  the  potash  solution,  and  gently  aspi- 
rating at  the  other  tube,  until  the   re- 
quired amount  has  been  drawn  in.     The 
tube  is  then   carefully  dried,  inside  and 
out,  with  filter-paper,   and  the   ends   of 
FIG.  40.  the    tube    closed   with    small    corks.     A 

piece  of  platinum  wire  is  twisted  round 
the  tubes  where  they  touch,  in  the  manner  shown  in  the 
figure ;  this  serves  to  suspend  the  bulbs  from  the  hook  of  the 
balance-pan. 

In  order  to  make  a  combustion  of  a  sample  of  coal,  the 
combustion  tube,  Fig.  38,  is  made  perfectly  clean  and  quite 
dry.  It  is  then  filled  for  about  14  inches  of  its  length  with 
pure  chromate  of  lead,  which  has  previously  been  made  hot. 
A  sample  of  the  coal  is  reduced  to  fine  powder,  and  about 
five  grains  are  weighed,  and  carefully  dried,  at  a  temperature 
of  240°  F.  About  a  fourth  of  the  lead  chromate  in  the  com- 
bustion tube  is  then  placed  in  a  hot  porcelain  mortar,  the 
coal  is  added,  and  the  two  are  intimately  mixed.  The  re- 
mainder of  the  chromate  in  the  tube,  with  the  exception  of 
a  couple  of  inches  is  then  added,  the  whole  well  mixed,  and 
quickly  transferred  back  without  loss  to  the  combustion 
tube.  The  mortar  is  then  rinsed  with  a  little  fresh  hot 
chromate,  which  is  also  placed  in  the  tube,  which  is  then 
filled  up  to  within  3  or  4  inches  of  its  mouth  with  pure  hot 
chromate.  Some  pure  copper  turnings  are  then  pressed  into 
the  remaining  space,  so  as  to  effect  the  decomposition  of  any 
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oxides  of  nitrogen  which  may  be  formed  during  the  com- 
bustion. The  combustion  tube  is  then  rapped  horizontally  on 
the  bench,  so  as  to  shake  down  the  mass,  in  order  to  allow  a 
free  passage  above  by  which  the  evolved  gases  can  escape ; 
it  may  then  be  placed  in  the  furnace,  the  open  end  of  the 
combustion  tube  projecting  about  an  inch  from  the  furnace. 
The  calcium  chloride  tube,  Fig.  39,  previously  weighed,  is 
attached  to  the  combustion  tube  by  means  of  its  cork, 
and  to  the  end  of  this  are  connected,  by  a  short  piece  of 
india-rubber  tubing,  the  previously  weighed  potash  bulbs, 
Fig.  40. 

After  making  certain  that  all  the  connections  are  quite 
tight,  the  combustion  is  started,  by  lighting  the  gas  burner 
nearest  to  the  open  end  of  the  tube.  As  soon  as  the  front 
of  the  tube  attains  a  dull  red  heat,  the  next  gas  tap  is  opened, 
and  the  same  operation  gradually  performed  along  the  whole 
length  of  the  tube,  until  the  whole  length  attains  a  dull  red 
heat.  (It  is  necessary  to  effect  the  heating  gradually,  in 
order  that  the  gases  evolved  may  pass  away  slowly,  as,  if 
they  were  driven  off  too  rapidly,  a  portion  might  escape 
absorption.) 

As  soon  as  bubbles  cease  to  pass  through  the  potash 
bulbs,  the  point  of  the  combustion  tube  is  broken  off  by 
means  of  a  pair  of  pincers,  and  a  current  of  dry  atmospheric 
air,  free  from  C02,  is  slowly  drawn  through  the  apparatus, 
by  means  of  a  suction  tube  connected  to  the  end  of  the 
potash  bulbs.  In  this  way,  the  whole  of  the  C02  and  water 
vapour  remaining  in  the  apparatus  is  swept  through,  into 
the  receptacles  intended  for  their  detention.  The  chloride 
of  calcium  tube  and  potash  bulbs  may  now  be  disconnected, 
allowed  to  cool,  and  when  cold  re- weighed. 

The  gain  in  weight  of  the  CaCl2  tube  is  due  to  water, 
and  of  the  potash  bulbs  to  CO3. 

As  an  example,  supposing  that  we  had  weighed  out  5  •  5 
grains  of  coal,  and  we  found  that  the  Ca012  tube  had  gained 
3-2  grains  in  weight,  and  the  potash  bulbs  15' 7  grains, 
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then,  in  order  to  find  out  how  much  hydrogen  the  3*2  grains 
of  H20,  are  equivalent  to,  we  should  say — 

Mol.  weight      Mol.  weight 
of  water         of  hydrogen 

As  18  :  2  ::  3-2  :  x.  x  =  -355; 
and  to  obtain  the  percentage — 

As    5-5        :     100        ::      -355      :     x.       x  =  6-46. 

To  obtain  the  amount  of  carbon  the  15-7  grains  of  C02 
are  equal  to,  we  should  say — 

Mol.  weight    Atomic  weight 
of  CO,  of  carbon 

As  44  :  12  ::  15-7  :  x.  x  =  4-277, 
and  to  obtain  the  percentage — 

As    5-5         :       100       ::    4-277      :     x.       x=  77-77. 

In  order  to  determine  the  amount  of  nitrogen,  the  latter 
element  is  converted  into  ammonia  by  a  combustion  with 
soda  lime,  in  a  similar  combustion  tube  to  the  one  employed 
in  the  determination  of  hydrogen  and  carbon,  but  it  need 
not  be  so  long.  A  convenient  length  is  about  12  inches. 
About  9  inches  of  the  length  is  filled  with  dry  soda  lime. 
A  portion  of  this  (about  a  third)  is  then  shaken  out  into  a 
porcelain  mortar,  and  intimately  mixed  with  about  ten  grains 
of  finely  powdered  coal  previously  dried. 

More  soda  lime  is  then  shaken  out  (leaving  an  inch  in 
the  tube),  mixed,  and  the  whole  replaced  in  the  tube.  The 
mortar  is  then  rinsed  with  a  little  soda  lime,  which  is  added 
to  the  contents  of  the  tube,  which  is  now  nearly  filled  with 
fresh  soda  lime.  A  plug  of  asbestos  is  placed  in  the  mouth 
of  the  tube,  the  contents  of  which  are  then  shaken  down  so 
as  to  leave  a  space  for  the  passage  of  the  gas ;  the  tube  is 
then  placed  in  the  combustion  furnace. 

The  bulbs,  Fig.  41,  are  now  connected  with  the  com- 
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bustion  tube  by  means  of  a  perforated  cork.  The  bulbs  are 
filled  with  dilute  sulphuric  acid,  made  by  adding  10  c.c.  of 
normal  sulphuric  acid  and  diluting  with  distilled  water. 
The  combustion  is  then  conducted  as  in  the  determination 
of  carbon  and  hydrogen,  but  it  may  be  effected  more  rapidly. 
When  the  evolution  of  gas  has  ceased,  the  bulbs  are  discon- 
nected, and  the  contents  separated  from  tarry  matters  by 
filtration. 

The  solution  is  then  coloured  with  a  few  drops  of 
cochineal  solution,  and  titrated  with  a  standard  solution  of 
caustic  soda,  of  such  a  strength  that  3  c.c.  of  the  soda  solu- 
tion neutralise  1  c.c.  of  the  acid  solution.  From  the  number 


FIG.  41. 

of  cubic  centimeters  of  the  soda  solution  required,  the  amount 
of  ammonia  may  be  determined  as  in  (59). 

The  amount  of  oxygen  in  an  organic  compound  is  always 
estimated  by  difference,  that  is,  having  ascertained  the 
weight  of  all  the  other  elements  entering  into  the  com- 
position of  the  body  under  examination,  the  amount  required 
to  make  up  the  100  parts  is  put  down  as  oxygen. 

The  above  description  is  only  intended  to  give  a  general 
idea  of  the  method  of  performing  an  organic  analysis,  it  is 
almost  impossible  to  describe  the  various  precautions  neces- 
sary to  be  observed  in  order  to  make  a  reliable  determina- 
tion by  this  method :  the  only  way  of  obtaining  the  requisite 
knowledge  is  to  see  an  analysis  actually  performed  by  a 
skilful  operator. 
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Specific  Gravity. 

68.  It  is  occasionally  requisite  to  know  the  weight  of  a 
cubic  foot  of  the  coal,  or  the  number  of  cubic  feet  corre- 
sponding to  a  ton.  This  is  easily  arrived  at  when  the  specific 
gravity  of  the  coal  is  known.  The  specific  gravity  of  a  body 
expresses  the  relation  which  exists  between  the  weights  of 
equal  bulks  of  one  substance  compared  with  another,  chosen 
as  the  standard.  For  solids  and  liquids,  the  standard  is 
distilled  water  at  the  temperature  of  60°  F. 

In  order  to  take  the  specific  gravity  of  a  sample  of  coal, 
a  small  piece  weighing  about  an 
ounce  is  selected,  and  suspended  by 
means  of  a  horse-hair,  or  piece  of 
fine  silk,  from  the  specific  gravity 
pan  of  the  balance.  It  is  then 
accurately  weighed,  while  hanging 
in  the  air.  It  is  then  immersed 
in  a  beaker  of  distilled  water, 
as  shown  in  Fig.  42,  and  again 
weighed.  Before  the  weight  in 
water  is  recorded,  any  adhering 
air  bubbles  must  be  removed  from 
the  surface  of  the  coal.  This  is 
effected  by  removing  the  sample 
from  the  water  after  it  has  been  im- 
mersed for  a  short  time,  and  brush- 
ing the  surface  with  a  moistened 

camel's-hair  brush.     It  can  then  be  put  back  again  into 
the  water,  and  the  weighing  completed. 

It  is  also  desirable  that  the  coal  be  sufficiently  soaked ; 
this  is  effected  by  immersing  the  sample,  after  attaching  the 
horse-hair  to  it,  in  water  in  the  flask  of  the  filter  pump,  and 
exhausting  the  air  within  the  apparatus  as  far  as  practicable. 
The  difference  between  the  weight  of  the  coal  when 
weighed  in  air,  and  when  weighed  in  water,  is  the  weight 


FIG.  42. 
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of  a  bulk  of  water  equal  to  the  bulk  of  the  ooal  immersed, 
hence  the  weight  of  the  ooal  in  relation  to  that  of  water ;  in 
other  words  its  specific  gravity,  is  found  by  dividing  the 
weight  in  air  by  the  loss  of  weight  in  water,  as  under. 

Grains. 

Weight  of  coal  in  air 526'7 

water     „     140-6 

Loss  of  weight  in  water,  or  difference  representing  ^ 
the  weight  of  an  equal  bulk  of  water  / 

Then      ^-j  =  1-346,  the  specific  gravity  of  the  coal. 

The  specific  gravity  being  ascertained,  the  remaining 
data  are  easily  calculated  from  the  same.  A  cubic  foot  of 
water  at  60°  F.,  weighs  exactly  1000  ounces,  hence  a  cubic 
foot  of  coal  having  the  specific  gravity  given  above,  will 
weigh  1364  ozs.,  or  82  •  25  Ibs.  avoirdupois.  Having  obtained 
this  information,  the  measurement  or  space  occupied  by  a 
ton  of  the  same  coal  is  arrived  at  as  under — 

ss— » . 

the  measurement  of  a  ton  of  the  coal  in  cubic  feet. 


II.  ESTIMATION  OF  THE  IMPURITIES  IN  CRUDE  GAS. 
Sulphuretted  Hydrogen  and  Carbonic  Acid. 

69.  These  impurities  may  be  determined  with  accuracy 
by  the  method  devised  by  Mr.  L.  T.  Wright,  F.C.S.,  and 
described  by  him  in  a  paper  read  before  the  Nottingham 
Section  of  the  Society  of  Chemical  Industry  in  the  year 
1885. 

This  method,  which  is  founded  upon  the  increase  in 
weight  of  absorption  tubes,  admits  of  the  use  of  a  tolerably 
large  quantity  of  gas,  collected  regularly  during  an  interval 
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of  time  sufficiently  long  to  give  an  idea  of  the  average 
composition  of  the  gas  supply  to  be  tested.  The  reagent 
employed  for  the  absorption  of  SHa  in  absorption  tubes,  may 
be  described  as  an  impure  di-  tri-  ortho-phosphate,  and 
may  be  prepared  in  the  following  manner.  Solutions  of 
2  Ibs.  of  hydrogen  disodium  phosphate  in  1  gallon  of  water, 
and  2J  Ibs.  of  cupric  sulphate  crystals  in  1 J  gallons  of  water 
are  mixed  with  vigorous  stirring,  and  the  resulting  bright 
blue  precipitate  washed  by  decantation,  and  then  dried  in  a 
water  bath  to  about  100°  0.  The  material  sometimes  is 
light  and  powdery,  sometimes  hard,  and  then  requires 
crushing  in  a  mortar.  Its  action  with  SH2  is  very  sharp. 

The  U-tubes  used  in  these  experiments  are  preferably 
of  the  modern  form,  with  hollow  round  glass  stoppers, 
which  also  serve  as  stop-cocks;  the  inlet  and  outlet  con- 
nections being  small  pieces  of  glass  tubing,  fused  into  the 
sides  of  the  U-tubes.  A  small  hole  in  the  stopper,  corre- 
sponding to  the  hole  in  the  side  of  the  tube  where  the  glass 
tubing  is  fixed  on,  makes  the  connection.  A  slight  turn  of 
the  stopper  opens  or  closes  the  tube.  The  tubes  are  weighed 
when  charged  with  clean  coal  gas,  which,  on  the  same  gas 
supply,  varies  but  little  in  specific  gravity. 

The  stoppers  are  lubricated  with  vaseline  or  resin  cerate, 
and  with  this  exception  are  perfectly  clean.  A  small  plug 
of  cotton  wool  in  each  stopper,  prevents  the  mechanical 
carrying  forward  of  fine  particles  of  the  reagents  by  issuing 
gases. 

Closed  tubes  charged  with  coal  gas  do  not  suffer  any 
appreciable  variations  in  weight  during  a  period  of  two  days. 
Mr.  Wright  found  that  such  tubes,  charged  with  cupric 
phosphate,  gain  in  weight  under  the  action  of  clean  coal  gas, 
but  the  increase  soon  reaches  a  limit,  and  the  phosphate 
becomes  "saturated."  In  order  to  attain  this  saturation 
point,  it  is  necessary  to  pass  3  cubic  feet  of  clean  dry  coal  gas 
slowly  through  the  tubes. 

In  order  to  charge  the  phosphate  tubes,  they  are  first 
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cleaned  and  dried,  great  attention  being  paid  to  the  ground 
portions  of  the  tubes  and  stoppers.  A  plug  of  cotton  wool 
is  placed  in  the  bend  of  the  tube,  then  one  leg  of  the  same 
is  charged  with  the  cupric  phosphate  in  a  suitable  state  of 
subdivision,  care  being  taken  that  the  rough  and  fine  portions 
of  the  powder  are  regularly  distributed,  for  if  all  the  rough 
portions  are  on  one  side  and  the  fine  on  the  other,  a  passage 
of  the  gas  down  the  side  where  the  coarse  portions  are  takes 
place,  and  consequently  the  fine  portions  never  come  into 
action.  The  other  leg  is  charged  with  powdered  calcium 
chloride. 

The  ground  portions  of  the  tubes  are  wiped  free  from 
dust,  and  the  stoppers,  fitted  with  plugs  of  dry  cotton  wool 
in  the  hollow  places,  and  lubricated  with  a  little  resin  cerate, 
are  put  in  position. 

A  current  of  dry  coal  gas  to  the  extent  of  3  cubic  feet  is 
passed  through,  and  the  tubes  are  then  ready  for  weighing. 
A  6-inch  U-tube  charged  in  this  manner  will  be  capable  of 
absorbing  20  grains  of  SH2;  and  if,  in  the  case  of  gas 
containing  10  grains  of  SH2  per  cubic  foot,  the  experiments 
are  made  upon  quantities  of  0*5  cubic  foot,  each  will  serve 
for  four  analyses  without  being  recharged.  The  calcium 
chloride  will  last  much  longer.  The  C02  is  absorbed  by 
soda  lime,  in  a  similar  way,  one  half  of  a  U-tube  being  filled 
with  soda  lime,  and  the  other  half  with  calcium  chloride. 
Mr.  Wright  found  it  necessary  to  use  the  soda  lime  tubes  in 
a  moist  condition,  for  when  quite  dry,  soda  lime  has  a  much 
feebler  absorptive  power  for  C02.  The  requisite  degree  of 
moisture  may  be  attained  by  exposing  the  soda  lime  to  a  moist 
atmosphere  from  twelve  to  eighteen  hours.  There  are  no 
inconveniences  attending  it  in  this  condition.  These  soda  lime 
tubes  remain  very  constant  in  weight,  when  clean,  pure,  coal 
gas  is  passed  through  them,  and  therefore  do  not  require 
saturating  in  the  same  manner  as  the  phosphate  tubes.  A 
small  quantity  of  dry,  pure,  coal  gas  should,  however,  be 
passed  through,  to  expel  air  previous  to  their  being  weighed. 
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A  6-incli  tube,  charged  with  soda  lime  in  the  manner  above 
described,  serves  for  three  analyses  of  0-5  cubic  foot  each, 
of  gas  containing  from  10  to  12  grains  of  C02  per  cubic 
foot. 

In  cases  where  there  is  also  ammonia  in  the  gas  to  be 
tested,  as  in  the  inlet  to  the  scrubbers,  it  will  be  requisite  to 
effect  its  removal  before  the  gas  reaches  the  weighing  tubes. 
This  might  be  done  by  means  of  the  drying  cylinder  con- 
taining calcic  chloride,  which  effectually  removes  NH3  from 
coal  gas;  but  in  order  to  maintain  the  neutrality  of  the 
calcium  chloride,  it  is  better  to  remove  the  NH3  from  the 
gas  before  drying,  by  passing  the  gas  through  a  12-inch 
U-tube  filled  with  pieces  of  broken  pumice  saturated  with 
syrupy  phosphoric  acid.  It  should  be  noted  that  in  drawing 
off  samples  of  coal  gas  for  analysis,  certain  precautions  are 
necessary,  since  vulcanised  and  iron  tubing,  when  new, 
remove  SH2  from  crude  coal  gas,  so  that  it  is  advisable  to 
have  the  services  conducting  the  gas  from  the  source  to  be 
tested  to  the  absorption  tubes  as  short  as  possible,  and 
previously  saturated  with  crude  coal  gas.  It  is  further 
of  importance  to  keep  a  tolerably  quick  current  of  gas 
through  the  iron  pipe,  in  order  to  prevent  the  gas  from 
becoming  "  stale."  The  iron  service  should  be  fitted  with  a 
four-way  piece  and  three  cocks.  One  of  these  serves  to  take 
the  gas  to  the  train  of  apparatus,  another  to  be  left  open 
during  the  experiment,  blowing  gas  away,  and  thus  main- 
taining a  rapid  current  in  the  iron  pipe,  while  the  third  can 
be  used  for  other  purposes,  such  as  the  examination  of  gas 
for  ammonia,  &c.  Before  making  an  analysis  it  is  necessary 
to  blow  away  a  little  gas,  in  order  to  clear  stale  gas  out  of 
the  iron  service  pipe  and  bring  along  a  fresh  supply.  The 
complete  apparatus  can  now  be  described. 

The  first  piece  in  the  train  is  the  syrupy  phosphoric  acid 
tube,  which  can,  however,  be  dispensed  with  in  cases  where 
the  gas  has  been  previously  thoroughly  washed  free  from 
ammonia.  This  tube  is  directly  connected  with  the  cock  on 
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the  iron  pipe  by  means  of  a  small   piece    of  "  saturated " 
vulcanised  tubing. 

The  outlet  of  this  tube  is  in  communication  with  a  large 
drying  cylinder,  filled  with  small  pieces  of  calcium  chloride 
quite  free  from  alkalinity.  The  outlet  of  the  drying 
cylinder  is  provided  with  a  T-piece,  which  carries  on  one 
arm  a  small  piece  of  vulcanised  tubing  and  a  screw  pinch- 
cock,  for  the  purpose  of  blowing  away  a  little  gas  before 
and  during  each  experiment.  The  other  arm  of  the  T-piece 
is  connected  to  the  inlet  of  the  cupric  phosphate  tube,  the 
outlet  of  the  latter  being  connected  to  the  inlet  of  the  soda 
lime  tube.  A  gas  meter  connected  to  the  outlet  of  the  soda 
lime  tube  completes  the  apparatus.  The  meter  most 
suitable  for  the  purpose,  is  the  test- meter  employed  in  the 
Gas  Eeferees'  Sulphur  Test.  It  is  advisable  to  bring  the 
pointer  attached  to  the  meter  up  to  within  a  division  oY  so  of 
the  zero  mark  by  means  of  the  key  provided  for  that  purpose, 
and  then  to  blow  gas  through  until  the  pointer  exactly  covers 
the  mark  :  by  operating  in  this  manner,  any  error  due  to 
slackness  in  the  gearing  of  the  index  is  avoided.  Before 
starting  an  experiment,  gas  should  be  blown  away  at  the 
outlet  of  the  drying  cylinder,  as  well  as  at  the  cock  on  the 
iron  service.  When  the  tubes  have  been  weighed  full  of 
clean  coal  gas,  and  all  the  pieces  of  the  train  joined  tightly 
together,  the  stop-cocks  are  turned  on,  and  the  gas  is  allowed 
to  traverse  through  the  apparatus  at  a  moderate  rate,  which 
is  often  more  dependent  on  the  pressure  of  the  gas,  than  on 
the  will  of  the  operator.  From  0*25  to  0*50  cubic  feet  per 
hour  is  a  convenient  rate,  and  one  well  within  the  limit  at 
which  the  complete  action  of  the  reagents  is  obtained.  The 
quantity  of  gas  used  for  each  experiment  is  a  matter  of 
choice,  and  will  be  determined  by  the  amount  of  impurity 
in  the  gas  to  be  examined.  When  the  required  quantity  of 
gas  has  passed  through  the  tubes,  the  inlet  stopper  of  the 
phosphate  tube,  and  the  outlet  stopper  of  the  soda  lime  tube 
are  turned  off,  and  the  two  tubes  are  taken  off  together,  and 
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connected  in  their  proper  order  to  a  supply  of  desiccated  clean 
gas,  in  order  to  drive  the  gas  in  the  phosphate  tube  through 
the  soda  lime  tube.  The  stoppers  can  then  be  turned  off,  and 
the  tubes  weighed.  Of  course,  before  weighing  the  tubes,  they 
must  be  wiped  perfectly  clean  and  dry,  but  as  this  operation 
causes  them  to  be  a  little  light,  they  should  be  left  for  about 
five  or  ten  minutes  in  the  balance  case  before  being  weighed. 
The  results  in  grains,  corrected  for  temperature  and  pressure, 
are  best  calculated  to  a  cubic  foot  of  clean  coal  gas  at  60°  F. 
and  30-0"  Bar.  Since  washed,  but  otherwise  unpurified, 
coal  gas  contains  about  0*6  grain  of  cyanogen  per  cubic  foot, 
the  results  obtained  by  this  method  are  slightly  high.  The 
absorption  of  cyanogen  in  the  first  tube  is  not  complete — 
about  one-half  going  forward  into  the  soda  lime  tube.  The 
error  falls  equally  on  each  tube.  Cyanogen  may  be  esti- 
mated by  passing  a  measured  quantity  of  gas  free  from 
ammonia,  but  otherwise  unpurified,  through  a  U-tube  filled 
with  soda  lime,  and  then  making  a  combustion  of  the  residue, 
as  in  an  ordinary  nitrogen  determination.  The  tubes  may 
be  conveniently  supported  by  suspending  them  from  hooks 
on  a  light  wooden  framework  or  "  gallows  "  by  means  of  fine 
copper  wire. 

Having  obtained  the  weights  of  SH2  and  C02  contained 
in  a  definite  volume  of  gas,  it  is  an  easy  matter  to  convert 
the  same  into  volumes  and  from  these  data  to  arrive  at  the 
percentage  by  volume,  in  which  form  the  results  are  gener- 
ally expressed.  The  following  examples  will  show  the 
method  of  performing  the  necessary  calculations: — 

(1)  For  SH2.  Volume  of  gas  passed,  corrected  to  60°  F. 
and  30*0"  Bar.  =  0-426  cubic  feet. 

Grains. 

Weight  of  copper-phosphate  tube  after  experiment      1593*7 
„  „  „  before        „  1590-6 

„         SH2  absorbed 3'1 

A  cubic  foot  of  SH2  (dry)  at  60°  F.  and  30*0"  Bar.  may 
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be  taken  as  weighing  631*5  grains,  consequently  1  grain 
will  be  equal  to  0-0015835  of  a  cubic  foot.  Now  in  the 
example,  as  there  are  3*1  grains  of  SH2  in  0*426  cubic  foot 
of  gas,  in  100  cubic  feet  there  will  be  727  •  7  grains  ;  therefore 
0-0015835  x  727-7  =  1-1523  cubic  feet  of  SH2  in  100  cubic 
feet  of  gas,  or  1  •  1523  per  cent,  by  volume. 

(2)  For  C02.     Volume  of  gas  passed  corrected  to  60°  F. 
and  30-0"  Bar.  =  0-426  cubic  feet. 


Weight  of  soda  lime  tube  after  experiment    . 
„          „          „  before        „ 

„          C02  absorbed 6'2 

A  cubic  foot  of  C02  (dry)  may  be  taken  as  weighing 
817  *  3  grains,  consequently  1  grain  will  be  equal  to  0  •  0012235 
of  a  cubic  foot,  and  as  there  are  6-2  grains  of  C02  in 
•426  cubic  feet  of  gas  experimented  on,  in  100  cubic  feet 
there  will  be  1455-4  grains;  therefore  0-0012235  x  1455-4 
-  1*780  cubic  feet  of  C02  in  100  cubic  feet  of  gas,  or 
1  •  780  per  cent,  by  volume. 

It  is  necessary  to  notice  that,  as  the  gas  is  measured 
after  the  H2S  and  C02  are  taken  out,  that  the  original 
volume  will  be  greater  than  that  actually  recorded  by  the 
meter.  In  the  above  example  it  would  be  : — 

Gas  measured 100        'cubic  feet 

H2S        „          1-152 

CO2        „          1-780 


Consequently  to  get  the  true  percentage  it  will  be  neces- 
sary to  make  the  following  calculations  : — 

ForH2S.     As  102-932  :  100  ::  1-152   :   1-120  =  1-120 
per  cent. 

ForC02.     As  102-932  :  100  :  :   1-780  :   1-729  =  1-729 
per  cent. 

K  2 
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70.  The  carbonic  acid  in  crude  gas  may  also  be  estimated  by 
a  volumetric  method  devised  by  Mr.  J.  T.  Sheard,  F.C.S.,  and 
communicated  by  him  to  the  Journal  of  Gas  Lighting. 

The  apparatus  employed  is  shown  in  Fig.  43,  and  is  a 
form  of  Volhard's  absorption  apparatus,  as  modified  by  Mr. 
Sheard;  it  may  be  said  to  consist  of  three  parts,  viz.,  the 
reservoir  or  body  of  the  apparatus,  the  bulbs,  and  the 
scrubber,  which  is  the  long  tube  filled  with  pieces  of  broken 
glass  or  glass  beads.  The  apparatus  is  made  of  blown  glass, 
and  has  a  total  capacity  of  from  250  to  300  c.c.  Not  more, 
however,  than  about  40  c.c.  of  liquid,  or  the  contents  of 
rather  more  than  one  of  the  bulbs,  can  be  employed  in  it  for 
one  estimation.  When  in  use,  the  pressure  of  the  gas  forces 
the  liquid  out  of  the  reservoir  into  the  bulbs,  and  there 
bubbles  through  it. 

The  method  of  using  the  absorption  tubes  is  to  run  into 
the  reservoir,  a  known  quantity  of  the  absorbing  liquid  of 
known  value,  and  then  to  cause  a  measured  quantity  of  gas 
to  bubble  through  it ;  the  scrubber  is  afterwards  rinsed  with 
distilled  water  to  wash  down  any  portion  of  the  absorbent 
that  may  have  been  mechanically  carried  into  it  by  the  gas, 
and  the  whole  of  the  resultant  liquid  is  titrated  in  the  reser- 
voir. The  method  adopted  for  the  estimation  of  C02,  consists 
in  absorbing  it  in  a  solution  of  barium  hydrate  of  known 
strength,  the  resultant  liquid  being  afterwards  titrated,  in 
order  to  ascertain  the  amount  of  free  hydrate  remaining  in 
solution,  from  which  the  amount  of  C02  absorbed  is  deduced. 
The  indicator  employed  is  phenol-phthalein,  prepared  by  dis- 
solving 0*5  gram  of  the  substance  in  1000  c.c.  of  50  per  cent, 
alcohol.  In  the  presence  of  the  hydrates  of  the  alkalies  and 
alkaline  earths,  this  indicator  gives  a  splendid  purple-red 
colour,  which  is  destroyed  on  neutralising  the  alkali  by  an 
acid,  the  end  reaction  being  exceedingly  sharp  and  distinct; 
carbonate  of  barium  precipitated  in  a  solution  of  the  hydrate 
does  not  develop  a  red  colour  with  phenol-phthalein,  but 
remains  neutral.  It  follows  that  the  value  of  the  solution  of 
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barium  hydrate  being  known,  a  simple  titration  of  the  liquid 
after  absorption  of  CO2,  will  show  the  diminution  in  the 
amount  of  free  hydrate  present,  and  inferentially  the  amount 
of  002  absorbed.  The  solution  of  barium  hydrate  is  made 
by  dissolving  the  ordinary  crystallised  hydrate  of  baryta  in 
water  until  the  solution  is  saturated,  and  then  syphoning  off 
the  clear  liquid  into  a  well-stoppered  bottle.  The  strength 
of  the  clear  liquid  is  then  determined  very  accurately  by 
titration  with  decinormal  hydrochloric  acid,  and  should  be 
approximately  equal  in  strength  to  that  acid  ;  i.e.  if  (say) 
much  more  than  10  c.c.  of  the  acid  are  required  to  neutralise 
the  same  quantity  of  the  baryta  solution,  a  little  water 
should  be  added  to  the  latter  to  reduce  its  strength.  It  is 
necessary  that  the  strength  of  the  solution  should  be  checked 
by  titration  from  time  to  time,  as,  unless  very  carefully  pre- 
served from  contact  with  the  air,  it  gradually  loses  power 
through  the  absorption  of  C02.  In  addition  to  the  gas  ab- 
sorption tubes,  an  aspirator,  two  500  c.c.  flasks,  two  50  c.o. 
burettes  (graduated  into  1-1  Oth  c.c.  and  provided  with  glass 
stop-cocks),  a  supply  of  distilled  water,  and  a  decinormal 
solution  of  hydrochloric  acid  are  required.  Each  cubic  centi- 
metre of  this  solution  is  equal  to  0'0022  gram  of  C02.  In 
order  to  make  a  test  for  C02  (the  gas  being  previously 
freed  from  H2S  by  passing  it  through  a  small  oxide  purifier), 
a  measured  quantity — varying  from  15  to  30  c.c.  according  to 
the  amount  of  C02  expected  to  be  met  with  in  the  gas— of 
the  barium  hydrate  solution  is  run  from  a  burette  or  pipette 
into  the  reservoir  of  one  of  the  absorption  tubes,  and  from  1.0 
to  20  c.c.,  also  accurately  measured,  into  another  tube.  Should 
the  smaller  quantities  mentioned  be  employed,  an  equal 
amount  of  distilled  water  is  added,  as  the  best  results  are  ob- 
tained when  the  lower  bulb  of  the  first  absorption  tube  is 
quite  filled  with  liquid  as  the  current  of  gas  bubbles  through 
it.  About  30  c.c.  is  therefore  the  proper  amount  of  liquid  ; 
if  much  more  than  this  is  employed,  it  is  liable  to  be 
carried  forward  into  the  scrubbt  r.  The  absorption  tubes  are 
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placed  in  the  stand,  Fig.  43,  and  the  apparatus  connected  up 
by  means  of  india-rubber  tubing  and  stoppers  pierced  by 
glass  tabes,  the  inlet  of  the  first  tube  being  connected  to  the 
gas  supply,  and  its  outlet  to  the  inlet  of  the  second  tube ;  the 
outlet  of  the  latter  being  connected  in  turn,  to  the  inlet  of 
the  aspirator.  In  connecting  the  gas-supply  tube  to  the 
inlet  of  the  first  absorption  tube,  gas  must  first  be  allowed 
to  blow  away,  and  the  india-rubber  tube  pushed  over  the 


FIG.  43. 

bent  glass  tube  while  the  gas  is  flowing,  care  being  taken 
that  the  pressure  of  the  gas  supply  is  not  so  great  as  to  force 
jts  way  through  the  liquid  in  the  bulbs  without  the  aspirator 
being  in  operation.  Assuming  everything  to  be  in  readiness, 
the  measuring  flask  is  placed  under  the  tap  of  the  aspirator, 
and  water  allowed  to  flow,  so  as  to  draw  the  gas  in  bubbles 
through  the  liquid  in  the  bulbs.  It  is  necessary  at  this  stage 
to  see  that  the  connections  are  quite  gas-tight,  which  may 
be  done  by  turning  off  the  gas  supply,  and  the  tap  of  the 
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aspirator,  and  observing  whether  the  level  of  the  liquid  in 
the  bulbs  remains  stationary  or  not.  If  the  connections  are 
tight,  the  current  of  gas  is  continued  until  500  c.c.  have  passed, 
as  shown  by  the  water  that  is  run  out  of  the  aspirator.  (Mr. 
Sheard  found  that  the  best  speed  of  current  was  obtained 
when  the  flow  of  water  from  the  aspirator  is  adjusted  to  the 
point  at  which  it  breaks  from  a  succession  of  drops  to  a  con- 
tinuous stream.)  The  gas  supply  is  then  disconnected  from 
the  inlet  to  the  first  tube — which  is  done  without  stopping 
the  flow  of  water,  by  slipping  off  the  india-rubber  gas- tube  as 
the  water  in  the  flask  passes  the  mark — a  fresh  flask  is  brought 
under  the  aspirator,  and  a  further  quantity  of  500  c.c.  of  air 
drawn  through  the  apparatus,  in  order  to  drive  forward  the 
gas  remaining  in  the  reservoirs  of  the  two  absorption  tubes 
at  the  end  of  the  first  aspiration.  The  tubes  are  then  dis- 
connected, and  a  little  water  (free  from  C02)  run  through 
the  scrubbers,  in  order  to  wash  down  any  of  the  barium 
hydrate  solution  that  may  have  been  carried  forward  me- 
chanically by  the  gas.  A  few  drops  of  phenol-phthalein 
solution  are  now  added,  and  the  liquid  is  titrated  with  deci- 
normal  hydrochloric  acid,  the  point  of  saturation  being  shown 
by  the  disappearance  of  the  purple  colour  imparted  to  the 
liquid  by  the  phenol-phthalein. 

In  titrating  the  carbonated  liquid,  the  acid  should  be 
added  a  little  at  a  time,  and  allowed  to  run  down  the  sides  of 
the  reservoir,  not  dropped  directly  into  the  liquid,  the  liquid 
being  gently  agitated  after  each  addition  of  acid.  The  dif- 
ference between  the  quantity  of  free  barium  hydrate  found 
at  the  close  of  the  experiment,  and  that  run  into  the  tubes 
at  the  commencement  of  the  same,  shows  the  amount  of  C00 
absorbed ;  and  from  this,  the  amount  of  the  latter  impurity 
existing  in  the  gas  may  be  calculated  into  grains  per  cubic 
foot,  or  percentage  by  volume. 

Example : — Two  gas  absorption  tubes  were  charged  in 
the  manner  described,  the  first  with  25  c.c.  and  the  second 
with  18  c.c.  of  barium  hydrate  solution,  500  c.c.  of  gas 
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followed  by  an  equal  quantity  of  air,  being  afterwards  drawn 
through  them. 

At  the  end  of  the  experiment,  the  scrubbers  were  rinsed 
with  water,  phenol-phthalein  solution  added,  and  the  liquid 
in  the  tubes  titrated  with  decinormal  hydrochloric  acid, 
16*60  c.c.  being  required  to  neutralise  that  in  the  first  tube, 
and  19  *  00  c.c.  for  the  second.  The  titre  of  the  barium  hydrate 

N 
solution  used  being  1  c.c.=  1-09  c.c.  —  acid, 

therefore, 

First  Tube.    Second  Tube. 
Equivalent  of  barium  hydrate  employed      ..     27 -25  c.c.     19'62c.c. 

—  acid  required  to  neutralise  the  resultant  ,   16<60          19.00 
liquid 


Equivalent  of  BaO,H2O  neutralised      ..      ..     10 '65  „        0-62,, 

From  these  data,  the  percentage  by  volume,  or  grains,  of 
CO2  per  100  cubic  feet  of  gas  may  be  easily  obtained,  but  in 
order  to  make  it  qui'e  clear  to  those  who  are  not  used  to  such 
calculations,  the  process  is  described  in  detail. 
(1)  To  obtain  the  percentage  by  volume. 

The  total  equivalent  of  BaO,  H2O,  neutralised  as  above, 
is  10*65  -f  0-62  =  11-27  c.c.,  and  as  each  c.c.  is  equal  to 
0-0022  gram  C02,  11-27  X  0-0022  =  0-024794  gram  C02. 
Now  the  weight  of  500  c.c.  of  C02  saturated  with  moisture  = 
0*914  gram,  consequently— 

As  0-914  :  0-024794  : :  500  :  13-56, 

that  is,  in  the  above  experiment  there  were  13*56  c.c.  of  C03 
in  500  c.c.  of  gas. 

Therefore,  in  order  to  obtain  the  percentage  we  say — 

As 500  :  100  ::  13-56  :  2-71  =  2-71  percent,  by 

volume  of  C02. 

The  above  might  be  more  shortly  written  thus : — 
11-27 aax  0-0022^^x100  =  2.n         ^  ,     ^ 
0-914  gram 
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and  more  shortly  still,  by  employing  the  factor  0-241  (ob- 

•0022  grm.  x  100 
tamed  thus:      -— 


then  11-27  X  0-241  =  2-71  per  cent,  by  volume  of  CO2  as 
before. 

(2)  To  obtain  the  weight  in  grains  of  C02  per  cubic  foot 
of  gas. 

As  before,  11-27  xO  -0022  =  0-024794  gram  C02,  and 
as  there  are  15-432  grains  in  a  gram,  15-432  x  0-024794  = 
0-38262  grains  C02  in  500  c.c.  of  gas.  Now  1  cubic  foot  = 
28,315  c.c.,  consequent}-  — 

As  500  :  28315  :  :  0-38262  :  21-66  =  21-66  grains  of  C02 
per  cubic  foot  of  gas. 

This  might  be  expressed  more  shortly  thus  :  — 

11-27  c.c.  X  0-0022  gram  x  15-432  grains  X  28,315  c.c. 

~500  c.c. 

=  21*66  grains  C02  per  cubic  foot  of  gas,  and  from  the 
figures     0-0022  X  16-432  X  28.815    ^     factor     ^    ig 

obtained,  which  shortens  the  calculation  materially  thus:  1  •  92 
X  11-27  =  21-66  grains  C02  per  cubic  foot  of  gas  as  before. 

The  amount  of  sulphuretted  hydrogen  in  crude  gas  may 
also  be  estimated  by  means  of  an  acid  solution  of  cadmium 
chloride. 

71  The  gas  is  slowly  passed  through  a  solution  of  the 
above  contained  in  a  couple  of  Woulffe's  bottles,  and  is  then 
measured  by  means  of  an  aspirator  or  meter.  After  passing  a 
quantity  of  gas  at  tbe  rate  of  about  half  a  cubic  foot  per  hour, 
the  bottles  are  disconnected,  and  the  precipitated  cadmium 
sulphide  is  washed  on  to  a  filter  ;  the  contents  of  the  filter 
are  then  placed  in  a  beaker  with  distilled  water,  and  bromine 
mldod  in  excess  so  as  to  oxidise  tho  OdS  to  CdS04.  Tho 
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bromine  is  driven  off  by  heat,  and  the  resulting  solution 
filtered  and  washed,  the  filtrate  (CdS04)  is  then  treated 
with  an  excess  of  BaCl2  which  precipitates  BaS04.  This  is 
washed,  dried,  ignited  and  weighed  in  the  usual  manner. 

233  parts  BaS04  correspond  to  32  of  sulphur,  and  32  parts 
of  sulphur  are  equal  to  34  of  sulphuretted  hydrogen,  from 
which  the  quantity  per  cubic  foot  can  readily  be  calculated. 

The  method  of  determining  the  amount  of  ammonia  in 
crude  gas  is  described  in  (92). 

III.  TESTING  PURIFIED  GAS  FOR  SULPHURETTED  HYDROGEN, 
AMMONIA,  AND  SULPHUR  COMPOUNDS  ACCORDING  TO  THE 
INSTRUCTIONS  OF  THE  GAS  REFEREES,  &c.* 

72.  The  testings  for  the  above  impurities  extend  over 
twenty  hours  of  each  day,  and  are  made  on  10  cubic  feet  of 
gas,  which  is  tested  successively  for  each  of  the  following : — 

(1)  Sulphuretted  Hydrogen. — In  testing  for  this  impurity, 
the  gas,  as   it  leaves   the  service-pipe,  passes  through  an 
apparatus  in  which  are  suspended  slips  of  bibulous  paper 
impregnated  with  basic  acetate  of  lead.     The  test  paper  from 
which  these  slips  are  cut  is  prepared  by  moistening  sheets  of 
bibulous  (filter  or  blotting)  paper  with  a  solution  of  one  part 
of  sugar  of  lead  in  eight  or  nine  parts  of  water,  and  holding- 
each  sheet,  while  still  damp,  over  the  surface  of  a  strong 
solution  of  ammonia  for  a  few  moments.     As  the  paper  dries, 
all  free  ammonia  disappears. 

It  is  hardly  necessary  to  state  that  if  there  be  any  SEL 
in  the  gas,  the  slips  of  lead  paper  will  be  discoloured. 

(2)  Ammonia. — The  gas,  on  leaving  the  above  mentioned 
apparatus,  passes  through  a  glass  cylinder  filled  with  glass 
beads,  which  have  previously  been  moistened  with  a  measured 
quantity  of  standard  sulphuric  acid ;  any  ammonia  in  the  gas 

*  Since  this  tection  was  originally  written,  the  Gas  Referees  have 
discarded  testing  gas  for  ammonia,  and  have  altered  the  method  of  testing 
for  sulphuretted  hydrogen  and  sulphur  compounds,  but  as  it  is  sometimes 
required  to  test  purified  gas  for  ammonia,  and  the  general  principle*  of 
testing  for  sulphur  compounds  still  remain  the  same,  the  chapter  remains 
in  its  original  form,  but  the  latent  Referee's  Instructions  on  the  nuattera 
in  question  will  be  found  in  the  Appendix. 
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is  absorbed  by  the  acid,  and  from  the  amount  of  acid  neu- 
tralised, the  amount  of  ammonia  in  the  gas  is  determined. 

(3)  Sulphur  Compounds. — The  gas  which  has  passed  through 
the  sulphuretted  hydrogen  and  ammonia  testing  apparatus, 
passes  next  through  a  meter,  by  means  of  which  the  rate  of 
flow  can  be  adjusted  to  half  a  cubic  foot  per  hour,  the  said 
meter  being  provided  with  an  automatic  arrangement  for 
shutting  off  the  gas  when  10  cubic  feet  have  passed  through 
the  same. 

From  the  meter,  the  gas  passes  to  the  sulphur  test,  where 
it  is  burned  in  air  impregnated  with  the  vapour  of  ammonia, 
the  resulting  water  vapour  is  condensed  and  collected,  and 
contained  therein  will  be  found  the  sulphuric  acid  and  other 
condensable  products  resulting  from  the  combustion. 

73.  The  operation  of  testing  the  gas  for  ammonia  and 
sulphur,  is  effected  in  two  stages.     The  first  or  preliminary 
stage,  consists  in  arresting  the  ammonia  by  means  of  acid,  and 
burning  the  gas  as  described ;  the  second  stage  consists  in 
finding  out  how  much  acid  has  entered  into  combination  with 
the  ammonia  in  the  gas,  and  the  weight  of  barium  sulphate 
obtained  from    the    condensed   products   of  combustion  on 
adding  a  solution  of  barium  chloride. 

74.  In  estimating  the  quantity  of  ammonia  in  purified 
gas,  two  solutions  are  required,  one  containing  one  grain  of 
ammonia  in  100  measures  of  the  solution,  and  the  other  the 
equivalent  amount  of  sulphuric  acid  in  25  measures  of  the 
solution,  which    will    exactly  combine   with    one    grain  of 
ammonia,  that  is  to  say,  25  measures  of  the  acid  solution 
should  exactly  neutralise  100  of  the  alkaline  solution.     In 
order  to  prepare  these  solutions  we  shall  require  various  glass 
vessels  graduated  on  the  septem  system.     The  following  is  a 
list  of  the  same : — A  decigallon  mixer  divided  into  100  parts ; 
pipettes  to  deliver  septems ;  two  burettes  on  stands,  one  for 
use  with  the  acid  and  the  other  with  the  alkaline  solution, 
each  burette  being  graduated  into  100  parts  (septems),  each 
part  being  further  subdivided  into  fifths.   (A  septem  is  equal 
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to  the  one  ten-thousandth  part  of  a  gallon,  or  to  7  grains 
weight  of  distilled  water  at  62°  F.,  consequently  a  gallon 
contains  10,000  septems,  and  a  decigallon  1000  sep terns). 

75.  The  first  operation  is  to  prepare  the  sulphuric  acid 
solution  of  such  a  strength,  that  25  measures  (septems)  shall 
be  equal  to  1  grain  of  ammonia.  Sulphuric  acid  combines 
with  ammonia,  in  the  proportion  of  one  molecule  of  the  acid 
to  two  of  ammonia,  as  in  the  following  equation  ; — 

H2S04  -f  2NH3  =  (NH4),  S04, 

and,  consequently,  in  the  proportion  by  weight  of  98  to  34, 
therefore,  as  the  Eeferees'  calculations  are  worked  out  in 
grains,  2*8824  grains  of  acid  are  required  to  neutralise 
1  grain  of  ammonia.  Now  the  specific  gravity  of  the  strongest 
sulphuric  acid  obtainable  is  about  1*845,  consequently  a 
septem  of  such  acid  would  weigh  12*915  grains. 

The  decigallon  mixer  contains  1000  septems,  and,  as  the 
equivalent  of  one  grain  of  ammonia  requires  to  be  contained 
in  25  septems  of  solution,  the  total  contents  of  the  mixer 
should  contain  forty  times  the  equivalent  of  1  grain  of 
ammonia,  or  115*2960  grains  of  acid,  and  as  one  septem  of 
acid  weighs  12*915  grains,  theoretically  we  should  require 
8*93  septems  of  acid  in  the  decigallon.  Sulphuric  acid  of 
the  specific  gravity  1  *  845  is  not  generally  obtainable  however, 
owing  to  its  absorbing  moisture  so  readily ;  it  is  better,  there- 
fore, to  add  an  excess  of  acid,  as  it  is  easier  to  reduce,  than  to 
increase  the  strength  of  the  solution.  If  we  add  9  •  4  septems 
of  acid  it  is  probable  that  we  shall  obtain  a  solution  of  about 
the  right  strength.  Therefore,  having  filled  the  mixer  with 
distilled  water  until  the  centre  of  the  meniscus  of  the  surface 
of  the  water,  coincides  with  the  top,  or  hundredth  line  of  the 
measure,  9  *  4  septems  of  acid  are  added  from  one  of  the  two 
burettes  previously  mentioned,  which  should  always  be 
reserved  for  the  use  of  the  acid  solution.  The  best  way  of 
dealing  with  tbe  strong  sulphuric  acid,  is  to  fill  the  burette 
with  it  by  means  of  a  small  lipped  beaker,  and  having  poured 
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out  the  9*4  septenis  into  the  mixer,  empty  the  burette,  and 
immediately  wash  it  out  with  water  until  it  ceases  to  redden 
blue  litmus- paper,  and  afterwards  turn  it  mouth  downwards 
to  drain.  After  adding  the  acid,  the  stopper  of  the  mixer 
should  be  inserted,  and  the  vessel  well  shaken  for  several 
minutes.  It  should  then  be  allowed  to  stand  in  a  cool  place 
for  some  time,  so  as  to  attain  the  normal  temperature,  and  allow 
time  for  contraction.  When  the  vessel  and  its  contents  are 
quite  cool,  50  septems  are  measured  out  into  a  beaker  by 
means  of  a  pipette,  diluted  with  distilled  water,  neutralised 
with  ammonia,  made  acid  with  hydrochloric  acid,  raised  to 
the  boiling  point,  the  sulphuric  acid  precipitated  by  barium 
chloride,  and  the  precipitate  filtered,  washed,  dried,  ignited 
and  weighed  as  in  (24).  The  net  weight  of  barium  sulphate 
produced  should  be  13 '8  grains,  which  is  arrived  at  in  the 
following  manner : — 

Ninety- eight  parts  by  weight  of  sulphuric  acid,  give  233 
parts  of  barium  sulphate  as  under : 

H2S04  +  BaCl2  =  2HC1  +  BaS04; 

98  208  73         233 

and  as  25  septems  of  the  acid  solution  contain  2  •  8824  grains 
of  sulphuric  acid,  50  septems  will  contain  5*7648  grains, 
consequently,  if  we  make  the  following  proportion,  we  obtain 
the  theoretical  quantity  of  barium  sulphate  which  the 
50  septems  should  give  : —  • 

As  98  :  5-7648::  233:  13-76, 

which  may  be  expressed  in  round  numbers  as  13*8.  Pro- 
bably the  weight  obtained  will  be  somewhat  greater  than 
this,  due  to  the  excess  of  strong  acid  taken  ;  and,  according  to 
the  Referees'  Instructions,  if  the  weight  exceeds  13-9  grains, 
or  falls  below  13*7  grains,  more  water  or  sulphuric  acid 
must  be  added,  until  the  weight  falls  within  these  limits. 

76.  In  order  to  determine  the  quantity  of  water  which 
must  be  added  to  the  solution  in  order  to  reduce  the  strength, 
if  too  strong,  divide  the  number  of  septems  of  test-acid 
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contained  in  the  mixer  by  13  •  8,  and  multiply  the  quotient,  by 
the  difference  between  13*8  grains,  and  the  number  of  grains 
of  sulphate  obtained.  The  following  is  an  example,  the 
excess  obtained  being  purposely  exaggerated.  On  adding 
9  '4  septems  of  strong  acid  to  a  decigallon  of  water,  the 
volume  of  the  mixture  will  be  1006  •  9  septems  (the  decreased 
volume  being  due  to  the  fact  that  when  sulphuric  acid 
combines  with  water  contraction  ensues).  On  taking  out 
the  50  septems  for  the  determination  of  the  amount  of 
BaS04,  there  will  remain  1006-9  -  50  =  956-9  septems, 
which,  being  divided  by  13*8,  gives  a  quotient  of  69*34. 
Now  assuming  the  excess  of  sulphate  to  be  2  •  0  grains,  then 
69  '34  X  2  =  138-68,  as  the  number  of  septems  of  water 
necessary  to  be  added. 

This  may  be  more  clearly  explained  as  under.  50  septems 
of  dilute  acid,  if  of  correct  strength,  should  give  13-8  grains 
BaS04  ;  but  if  the  BaS04  weighs  15  •  8  grains  as  in  the  example, 
we  have  as  much  acid  present  in  the  50  septems  as  should  be 
contained  in  57  •  25  septems. 


and  consequently  in  100  septems,  we  have  as  much  acid  as 
should  be  contained  in  114  '5  septems,  therefore  in  the  whole 
contents  of  the  mixer  we  have  as  much  acid  present,  as 
should  be  contained  in  1095  '6  septems. 

956-9114-5 


consequently,  if  we  subtract  956  '9  from  1095-6  we  get  138  -7 
as  the  number  of  septems  of  water  necessary  to  be  added, 
which  confirms  the  result  in  the  preceding  example. 

After  adding  the  necessary  quantity  of  water,  and  well 
shaking  up  the  contents  of  the  mixer,  on  operating  on 
another  50  septems  of  dilute  acid,  we  ought  to  get  very  near 
to  the  13*8  grains  required,  but  in  case  the  solution  is  still 
too  strong,  the  additional  quantity  of  water  necessary  to  be 
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added  may  be  found  by  the  before  mentioned  rule,  due 
notice  being  taken  of  the  volume  of  the  solution  remaining 
in  the  mixer  after  the  abstraction  of  the  portion  taken 
out,  and  the  water  added,  thus: — the  956-9  septems-f- 
138*7  septems  of  water  added,  will  be  equal  to  about 
1095*6  septems,  and,  after  abstracting  50  septems  for  a 
second  determination,  there  will  remain  1045*6  septems  to 
be  divided  by  13*8,  in  order  to  obtain  a  quotient  to  be 
multiplied  by  the  excess  weight  of  sulphate  obtained. 

77.  In  case  it  is  wished  to  prepare  a  larger  quantity  of 
the  acid  at  one  time,  "  measure  a  gallon  of  distilled  water 
into  a  clean  earthenware  jar  or  other  suitable  vessel.     Add 
to  this  94  septems  of  pure  concentrated  sulphuric  acid  and 
mix  thoroughly."      This  solution  should  of  course  give  the 
same    weight    of   BaSO4    as   the   one  just    described,   viz. 
13*8  grains,  but  assuming  that  the  weight  is  greater. 

"Add  now  to  the  diluted  acid  a  measured  quantity  of 
water  which  is  to  be  found  by  subtracting  13*8  from  the 
weight  of  BaS04  obtained  in  the  experiment  and  multiplying 
the  difference  by  726.  If  these  operations  have  been  accu- 
rately performed,  a  second  precipitation  and  weighing  of 
the  BaS04  obtainable  from  50  septems  of  the  test-acid,  will 
give  nearly  the  correct  number  of  13*8  grains." 

The  only  item  requiring  explanation  in  the  above,  is 
that  relating  to  multiplying  by  726.  A  gallon  being  equal 
to  10,000  septems,  on  adding  94  septems  of  strong  acid  to 
that  quantity  of  water,  we  obtain  10,069  septems  (the 
decrease  as  in  the  previous  case  being  due  to  contraction) 
and  on  taking  out  50  septems  from  this,  we  have  remaining 
10,019  septems,  which,  divided  by  13*8,  will  give  as  a 
quotient  the  number  726,  as  in  the  case  when  preparing  a 
decigallon  of  the  solution,  on  dividing  956*9  by  13*8  we 
obtained  the  quotient  69  *  34. 

78.  Having  obtained  the  sulphuric  acid  solution  of  the 
correct  strength  we  now  proceed  to  prepare  the  ammonia 
solution  of  equivalent  strength  for  use  with  the  same.     The 
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strongest  solution  of  ammonia  obtainable,  lias  usually  a 
specific  gravity  of  about  0  •  88,  and  contains  about  2  grains  of 
absolute  ammonia  (NH3)  per  septem,  consequently  on  adding 
5  septems  to  the  decigallon,  we  ought  to  obtain  a  solution  of 
nearly  the  correct  strength.  This  quantity  of  strong  am- 
monia is  added  to  a  decigallon  of  distilled  water,  the  stopper 
of  the  mixer  inserted,  and  the  contents  well  shaken  ;  trials 
are  afterwards  made,  in  the  manner  described  below,  to  see 
if  100  septems  of  the  ammonia  solution  just  neutralise 
25  septems  of  the  standard  acid ;  if  not,  more  water  or 
ammonia  must  be  added,  as  the  case  may  be,  until  100  sep- 
tems will  so  neutralise  25  septems  of  the  acid  solution. 

Having  placed  the  acid  burette  perfectly  upright  in  its 
stand,  charge  it  with  the  acid  solution,  and  pour  from  it 
exactly  25  septems  into  a  clean  dry  beaker ;  the  contents  of 
the  beaker  are  then  largely  diluted  with  distilled  water,  and 
coloured  with  a  few  drops  of  methyl  orange  solution,  which 
will  turn  the  solution  pink.  The  burette  reserved  for  the 
alkaline  solution  is  then  filled  with  the  dilute  ammonia  solu- 
tion, and  the  beaker  containing  the  acid,  is  placed  beneath 
it,  upon  a  white  tile  or  clean  filter-paper. 

The  stop-cock  of  the  burette  is  then  opened,  and  the 
ammonia  solution  -allowed  to  gradually  fall  into  the  acid 
solution,  which  is  kept  constantly  stirred  by  means  of  a  thin 
glass  rod  with  rounded  ends.  The  colour  of  the  acid  solution 
will  gradually  change  from  pink,  to  a  golden  yellow  or 
sherry  colour,  and  when  this  change  is  effected  by  the  last 
drop  or  two  of  the  solution,  we  may  assume  that  the  latter  is 
correct,  otherwise  the  strength  will  have  to  be  increased  or 
diluted,  by  adding  strong  ammonia  or  distilled  water,  as  the 
case  may  be,  until  the  last  drop  does  so  change  the  colour. 

79.  Should  it  be  considered  necessary  to  make  a  larger 
quantity  of  the  ammonia  solution,  "measure  a  gallon  of 
distilled  water  into  a  clean  glass  or  earthenware  vessel  and 
add  to  it  50  septems  of  strong  ammonia  (sp.  gr.  0*88)." 
This  should  give  a  solution  of  nearly  the  correct  strength, 
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which  must   be   tested   and  adjusted,  if  necessary,  in  the 
manner  just  described. 

80.  Both  the  acid  and  ammonia  solutions  should  be  kept 
tightly  stoppered  and  in  a   cool    place :    this    particularly 
applies  to  the  ammonia  solution,  which  is  veiy  apt  to  become 
weak  owing  to  the  volatility  of  ammonia. 

Ammonia  Apparatus. 

81.  The  glass  cylinder  filled  with  glass  beads  in  which 
the  acid  is  placed,  is  shown  in  Fig.  44,  immediately  in  front 
of  the  meter ;  it  has  a  movable  nose-piece  at  one  end,  and  a 
glass  stop-cock  at  the  other.     It  is  supported  in  a  perfectly 
horizontal  position  upon  a  stand. 

The  meter  employed  indicates  the  hourly  rate  of  con- 
sumption by  the  observation  of  one  minute,  and  in  addition 
registers  up  to  10  cubic  feet,  when  the  flow  of  gas  is  capable 
of  being  automatically  shut  off. 

The  Sulphur  Test  Apparatus. 

82.  Connected  to  the  outlet  of  the  meter  is  the  sulphur 
test,  Fig.  44,  which,  in  the  Referees'    form   of  apparatus, 
consists  of  a  small  Bunsen  burner  with  a  steatite  top,  which 
is  mounted  on  a  short  cylindrical  stand  A,  perforated  with 
holes  for  the    admission  of  air,   and   having   on  its  upper 
surface  a  deep  circular  channel  to  receive  the  wide  end  of  a 
glass  trumpet-shaped  tube  B.      On   the    top  of  the  stand, 
between  the  narrow  stem  of  the  burner  and  the  surrounding 
trumpet  tube   B,  pieces  of  commercial  sesqui-carbonate  of 
ammonia,  weighing  in  all  about  two  ounces,  are  placed.     The 
products  of  the  combustion  of  the  gas,  and  of  the  gradual 
volatilisation  of  the  sesqui-carbonate  of  ammonia,  go  upwards 
through  the  trumpet  tube,  into  a   vertical  glass  vessel  C, 
which  is  filled  with  glass  marbles,  in  order  to  break  up  the 
current  of  the  ascending  gases  and  promote  condensation. 
From  the  top  of  the  cylinder  a  long  glass  chimney-pipe  D 

L 
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proceeds;  this  serves  to  effect  Fome  further  condensation,  as 
well  as  to  regulate  the  draught,  and  affords  a  means  of  exit 
for  the  uncondensable  gases.  In  the  bottom  of  the  cylinder 
a  small  glass  tube  is  fixed ;  through  this,  the  liquid  formed 
during  the  testing,  drops  into  a  beaker  placed  underneath. 
The  Gas  Referees  give  various  precautions  to  be  observed  in 
selecting  and  setting  up  the  apparatus,  which  will  be  found 
in  the  Appendix,  but  in  addition  to  those  precautions,  it  is 
necessary  to  be  careful  not  1o  place  the  apparatus  where  it 
is  exposed  to  very  low  temperatures,  or  the  results  obtained 
will  be  inaccurate,  owing  to  the  fact  that  there  will  not  be 
sufficient  heat  to  thoroughly  volatilise  the  sesqui-carbonate 
of  ammonia.  In  the  event  of  there  being  no  chance  of 
avoiding  placing  the  apparatus  in  such  a  situation,  then  it 
will  be  necessary  to  enclose  the  trumpet  tube  in  a  casing. 
This  may  be  made  of  tin,  care  being  taken  not  to  interfere 
with  the  air  supply,  otherwise  there  will  be  imperfect  com- 
bustion. 

Fitting  up  of  the  Apparatus. 

83.  The  whole  train  of  apparatus  is  shown  in  Fig.  44. 
The  bench    or   table  upon  which   the  instruments  are 

placed  must  be  level  and  firm,  and  not  be  liable  to  vibrations. 
The  sulphuretted  hydrogen  test  is  fixed  upon  a  stand  at 
one  end  of  the  bench,  a  metal  gas  service  pipe  is  connected 
to  its  inlet,  and  its  outlet  is  connected  by  a  short  piece  of  red 
or  black,  but  not  grey,  india-rubber  tube  to  the  ammonia 
cylinder.  The  whole  train  is  then  connected  up  as  shown, 
by  short  pieces  of  the  same  kind  of  india-rubber  tube. 

84.  In  order  to  make  a  test  we  proceed  as  follows  : — 
Suspend  slips  of  lead  paper  in  the  sulphuretted  hydrogen  test. 
Remove  the  glass  cylinder  from  its  stand,  taking  out  the 
ground  glass    nose-piece   and   closing  the   glass  stop-cock. 
Remove  also  the  glass  chimney  tube  from  above  the  sulphur 
test  burner.     Charge  the  ammonia  03*  Under  from  a  burette  or 
pipette,  with  50  septems  of  the  test  acid,  which  is  greatly  in 

L  2 
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excess  of  any  quantity  of  ammonia  likely  to  be  found  in  the 
gas,  unless  the  gas  contains  more  than  about  6  grains  of 
ammonia  in  100  cubic  feet.  In  such  case,  it  will  be  necessary 
to  employ  two  cylinders  in  line.  The  whole  interior  surface 
of  the  cylinder  should  be  wetted  with  the  acid,  as  well  as 
the  glass  beads ;  this  is  effected  by  holding  the  cylinder  in  a 
perfectly  horizontal  position,  and  gently  rotating  it  for  a 
minute  or  so.  The  glass  cylinder  is  then  replaced  on  its 
stand,  and  reconnected  with  the  gas  supply  and  meter. 
Place  about  2  ounces  of  fresh  sesqui-carbonate  of  ammonia 
around  the  sulphur  test  burner.  The  index  pointer  of  the 
meter  is  then  brought  to  zero,  the  gas  supply  turned  on,  the 
sulphur  test  burner  lit,  the  trumpet  tube  replaced,  and 
connected  with  the  vertical  glass  cylinder  or  condenser,  the 
chimney  tube  being  afterwards  placed  on  top  of  same. 
Before  leaving  the  apparatus,  see  that  it  is  burning  at  the 
proper  rate  of  half  a  cubic  foot  per  hour. 

Determination  of  the  Ammonia. 

85.  At  the  end  of  each  period  of  testing,  the  glass  stop- 
cock of  the  ammonia  cylinder  is  closed,  the  nose-piece 
removed,  and  the  cylinder  fixed  in  a  vertical  position  in  a 
suitable  support ;  a  clean  beaker  is  then  placed  beneath, 
and  the  contents  of  the  cylinder  allowed  to  drain  into  the 
beaker,  taking  care  to  avoid  any  loss  by  spurting.  The 
cylinder  is  then  well  washed  out  with  distilled  water,  the 
washings  being  collected  in  the  beaker  containing  the  acid 
drained  from  the  cylinder;  the  washing  should  be  con- 
tinued until  the  liquid  ceases  to  turn  blue  litmus  paper  red. 
The  contents  of  the  beaker  are  then  well  stirred  round  by 
means  of  a  thin  glass  rod,  half  the  contents  (accurately 
measured)  being  put  aside  for  analysis,  and  the  remaining 
half  transferred  to  a  well-stoppered  bottle,  for  future  reference 
if  required. 

The  burette  used  for  the  alkaline  solution  is  then  filled 
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with  the  standard  ammonia  solution,  and  the  liquid  to  be 
tested,  having  been  diluted  with  distilled  water  and  coloured 
with  a  few  drops  of  methyl-orange  solution,  is  placed  on  a 
white  surface  beneath  the  burette.  The  alkaline  solution  is 
now  added,  by  small  portions  at  a  time,  until  the  colour 
changes,  showing  that  the  acid  is  neutralised,  when  it  will 
be  found  (unless  there  is  no  ammonia  whatever  in  the  gas) 
that  the  acid  solution  will  require  less  than  the  100  septems 
of  alkali  which  it  originally  needed  in  order  to  neutralise  it, 
the  difference,  being  due  to  the  quantity  of  ammonia  in  the 
gas,  which  has  been  absorbed  by  the  acid. 

The  quantity  of  standard  alkali  remaining  in  the  burette 
after  the  neutralisation  of  the  acid  is  noted,  and  from  this, 
the  quantity  of  ammonia  in  the  gas  is  found  as  per  the 
Referees'  Instructions  (which,  however,  apply  to  10  cubic  feet- 
of  gas  only). 

86.  ';  To  find  the  number  of  grains  of  ammonia  in 
100  cubic  feet  of  the  gas,  multiply  by  two  the  number  of 
septems  of  test  alkali  remaining  in  the  burette,  and  move 
the  decimal  point  one  place  to  the  left." 

As  previously  stated,  the  rule  for  finding  the  amount  of 
ammonia,  given  above,  is  only  applicable  when  10  cubic  feet 
of  gas  have  passed  through  the  cylinder,  but,  by  means  of  the 
following  method,  the  amount  may  be  calculated  on  any 
quantity  of  gas.  In  order  to  understand  the  method  it  is 
necessary  to  note,  that  the  burette  containing  the  alkaline 
solution  is  divided  into  100  parts,  and  the  whole  is  equal  to 
one  grain  of  ammonia,  consequently  each  division  is  equal  to 
one-hundredth  of  a  grain  of  ammonia.  Therefore  if  we  note 
the  number  of  divisions  remaining  after  the  acid  has  been 
neutralised,  we  obtain  the  number  of  hundredths  of  a  grain 
of  ammonia  corresponding  to  half  the  acid  employed,  and  on 
multiplying  this  result  by  two  (because  the  acid  was  halved) 
we  obtain  the  number  of  hundred tbs  of  a  grain  of  ammonia 
in  the  quantity  of  gas  operated  on,  and  from  which  the 
quantity  per  100  cubic  feet  can  easily  be  calculated.  As  an 
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example,  suppose  after  filling  the  cylinder  with  50  septeins 
of  test  acid,  and  passing  12*6  cubic  feet  of  gas  through  the 
same,  we  found  that  it  took  86  divisions  of  the  ammonia 
solution  to  neutralise  25  (or  50  -r-  2)  divisions  of  the  acid  solu- 
tion in  place  of  100  as  it  originally  did,  then  100  —  86  =  14 
divisions  remain,  and  as  each  division  is  equal  to  one-hun- 
dredth of  a  grain  of  ammonia,  14  divisions  are  equal  to  14 
hundredths  of  a  grain,  then  0  •  14  x  2  =  0  *  28  grain  of  ammonia 
in  the  gas  which  has  passed  through  the  cylinder,  and 
0-28  x  100  _  2-22  grains  per  100  cubic  feet. 

Determination  of  the  amount  of  Sulphur. 

87.  The  following  is  the  method  of  analysing  the  liquor 
produced  in  the  sulphur  test  apparatus,  so  as  to  obtain  the 
amount   of  sulphur.     At   the   expiration    of   the   test,  the 
contents  of  the  beaker  containing  the  products  of  combustion, 
are  placed  in  a  graduated  glass  measure,  and  the  trumpet 
tube,  glass  cylinder,  and  chimney  tube  are  washed  well  out 
with  distilled  water,  and  the  washings  added  to  the  liquid 
in  the  measure.     This  is  thoroughly  well  mixed,  and  half 
the  quantity  poured  into  a  beaker  for  analysis,  the  remainder 
being  placed  in  a  well-stoppered  bottle  for  future  reference 
if  required.      The  contents  of  the  beaker  are  then  acidified 
with    hydrochloric    acid    (preferably    charged     with    free 
bromine  to  secure  complete  oxidation  of  the  products  in  the 
condensed  liquid).     The  beaker  is  now  covered  with  a  clock- 
glass,  its  contents  raised  to  the  boiling  point,  and  an  excess 
of  a  saturated  solution  of  barium  chloride  added,  the  pre- 
cipitated   BaS04  is    allowed   to    settle,  and  then  filtered, 
washed,  dried,  ignited  and  weighed  as  in  (24) ;  the  weight 
obtained  multiplied  by  11  and  divided  by  4  =  the  grains  of 
sulphur  per  100  cubic  feet  of  gas. 

88.  This  rule  is  based  on  the  following: — 233  parts  by 
weight  of  BaS04  correspond  to  32  parts  of  sulphur,  and  as 
grain  weights  are  employed,  233  grains  of  BaS04,  correspond 
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to  32  grains  of  sulphur,  consequently  one  grain  of  BaSO4  cor- 
responds to  '  13734  of  sulphur,  then,  as  half  the  liquor  only 
was  used,  and  exactly  10  feet  of  gas  is  assumed  to  have  been 
burnt,  -13734  x  2  x  10  =  2-7468,  which  is  equivalent  to 

multiplying  by  11  and  dividing  by  4,  —  =  2*75. 

As  previously  stated,  the  Referees'  rule  for  calculating  the 
amount  of  sulphur  per  100  cubic  feet,  only  applies  to  the 
products  resulting  from  the  combustion  of  exactly  5  cubic 
feet  of  gas  (half  the  quantity  obtained  in  the  combustion  of 
10  cubic  feet),  consequently,  if  any  other  quantity  of  liquid 
than  that  due  to  5  cubic  feet  of  gas  be  operated  on,  the 
weight  of  sulphur  in  that  quantity  of  gas  will  be  found  by 
multiplying  the  weight  of  sulphate  obtained  by  '13734, 
and  then  finding  by  proportion  the  number  of  grains  per 
100  cubic  feet. 

It  may  be  of  interest  to  state,  that  if  the  gas  burnt 
amounts  to  2 '12  cubic  feet,  or  if  the  portion  of  the  condensed 
liquid  taken,  corresponds  to  2-12  cubic  feet,  then  the  BaS04 
weighed  in  centigrams,  gives  at  once  the  grains  of  sulphur 
per  100  cubic  feet  without  any  calculation. 

89.  It  is  necessary  in  every  experiment  to  note  the 
temperature  and  pressure,  and  if  necessary  to  make  a 
correction  for  the  same.  When  working  to  the  Referees' 
Instructions  on  10  cubic  feet  of  gas,  the  number  of  grains  of 
sulphur  obtained  as  described  above  "  is  to  be  corrected  for 
the  variations  of  the  temperature  and  atmospheric  pres- 
sure," and  "  the  readings  of  the  barometer  and  thermometer 
are  to  be  taken  for  the  day  on  which  the  testing  commenced, 
and  also  the  day  on  which  it  closed,  and  the  mean  of  the 
two  is  to  be  used. 

"  This  correction  may  be  made  most  simply,  and  with 
sufficient  accuracy  in  the  following  manner : — 

"  When  the  Tabular  Number  (Appendix)  is  between 
955-965,  966-975,  976-985,  986-995,  increase  the  number 
of  grains  of  sulphur  by  yfoths,  y^ths,  yf  ^ths,  y^th  of  the 
weight  found. 
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'*  When  the  Tabular  Number  is  between  996-1005  no 
correction  need  be  made. 

"  When  the  Tabular  Number  is  between  1006-1015, 1016- 
1025,  1026-1035,  diminish  the  number  of  grains  of  sulphur 
by  T-oTrth,  T^ths,  T^ths." 

The  following  is  an  example  : — 

Grains. 

Grains  of  BaS04  from  half  the  liquid  produced  in  the  |     ,..« 
combustion  of  10  cubic  feet  of  gas  / 

Multiplied  by  11  and  divided  by  4  =  grains  of  sul-  }   T-.A 
phur  in  100  cubic  feet  of  gas  (uncorrected)  or  / 

Barometer     mean   (30  *  2)" 

Thermometer    „        76° 

Tabular  number       90  i 
Add-j-^thsof  15-4  grains  =        -61 

Grains  of  sulphur  in  100  cubic  feet  of  gas  (corrected)      16 '01 

When  operating  on  quantities  of  gas  other  than  10  cubic 
feet,  the  gas  is  corrected  by  multiplying  direct  by  the  tabu- 
lar number,  and  then  making  a  proportion  for  the  amount 
of  sulphur  per  100  cubic  feet. 

90.  The  Referees'  sulphur  test  depends  upon  the  follow- 
ing chemical  reactions : — Among  other  substances,  coal  gas 
contains  carbon,  hydrogen,  and  sulphur,  which,  in  the  pro- 
cess of  burning,  combine  witli  the  oxygen  of  the  air  to  form 
water,  carbonic  acid,  and  sulphurous  acid  (S  -j-  02  =  S(X), 
but  this  latter  is  speedily  oxidised,  more  or  less  completely 
into  sulphuric  acid  (S03).  Ammonia  being  present,  the  acids 
unite  with  it,  forming  ammonium  carbonate  and  sulphate, 
which  are  carried  down  in  solution,  by  the  condensed  water 
resulting  from  the  combustion. 

Barium  chloride  combines  with  both  ammonium  car- 
bonate and  ammonium  sulphate,  the  acid  radicals  of  those 
salts  uniting  with  the  barium  of  the  BaCL,  to  form  barium 
carbonate  and  barium  sulphate,  while  the  chlorine  of  the 
BaCl2  unites  with  the  ammonium  (NH4)  of  the  ammonium 
carbonate  and  sulphate,  to  form  soluble  ammonium  chloride. 
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From  the  foregoing  it  will  be  seen  that  if  to  the  solution, 
as  obtained  from  the  sulphur  test,  we  were  at  once  to  add  a 
solution  of  BaCl2,  we  should  get  a  precipitate  of  both  barium 
carbonate  and  barium  sulphate,  so,  in  order  to  prevent  this, 
the  solution  is  acidified  with  HC1  and  boiled,  which  has  the 
effect  of  driving  off  all  the  carbonic  acid,  and  completely 
unites  the  NH4,  which  at  first  was  in  solution  as  a  carbonate 
with  the  hydrogen  acid,  so  as  to  form  the  other  soluble  salt 
NH4C1.  Then  on  adding  the  BaCl2,  we  obtain  the  insoluble 
BaS04. 

91.  If  desired,  the  amount  of  sulphur  in  the  gas  can  be 
arrived  at  by  means  of  the  liquor  produced  from  the  combustion 
of  the  gas  in  the  Referees'  apparatus,  without  going  through 
the  processes  of  precipitation  and  filtering,  in  the  following 
manner : — 

The  liquid  obtained  from  the  combustion  in  the  Referees' 
sulphur  test  of  a  specified  quantity  of  gas,  is  evaporated  in  a 
small  porcelain  basin  whose  weight  has  been  accurately 
determined,  and  when  the  contents  are  nearly  dry,  the  whole 
is  transferred  to  an  air-oven,  and  the  complete  drying 
effected  at  a  temperature  of  about  240°  F.  The  basin  and 
its  contents  are  then  allowed  to  cool,  and  subsequently 
weighed  on  the  balance ;  after  noting  the  weight,  the  basin 
is  replaced  in  the  air-oven  for  a  few  minutes,  and  then  cooled 
and  re-weighed,  in  order  to  make  sure  that  all  adhering 
moisture  has  been  expelled:  this  operation  should  be  re- 
peated until  the  weight  is  constant.  The  increase  in  weight 
over  the  weight  of  the  empty  basin  is  due  to  sulphate  of 
ammonia,  with  an  infinitesimal  quantity  of  tarry  matter, 
and  from  this,  the  amount  of  sulphur  may  be  obtained  as 
under.  Supposing  that  24  *  6  grains  have  been  obtained, 

Equivalent  Equivalent 

weight  of  weight  of 

(NH4)2  SO4  Sulphur. 

As       132  :  32        ::        24-6       :       x. 

x  =  5 '97  grains. 


15-t    THE   GAS   ENGINEERS    LABOKATOKY   HANDBOOK. 

Estimation  of  Ammonia  in  Crude  Gas. 

92.  The  amount  of  ammonia  in  crude  gas  is  estimated  in 
exactly  the  same  manner  as  the  amount  in  purified  gas,  but 
by  means  of  a  stronger  acid  solution,  as  crude  gas  generally 
contains  from  200  to  300  grains  per  100  cubic  feet. 

A  convenient  strength  of  acid  is  10  times  that  of  the 
Referees'  solution,  and  it  is  made  by  adding  10  times  the 
quantity  of  acid  which  is  employed  in  making  the  Referees' 
solution  previously  described,  to  the  decigallon  of  distilled 
water;  we  should  then  obtain  a  solution  of  10  times  the 
strength.  It  must,  however,  be  tested  in  the  same  manner 
as  the  Referees'  solution  was  tested,  but  in  place  of  estimat- 
ing the  amount  of  BaS04  in  50  septems,  it  is  better  to  take, 
say,  10  septems,  and  multiply  the  result  obtained  by  5, 
which  should  equal  10  times  13*8  grains.  The  reason  for 
taking  10  septems  is  that  the  50  septems  would  give  such 
a  heavy  precipitate  as  to  make  it  unwieldy  to  manipulate. 
The  ordinary  ammonia  solution,  100  septems  of  which 
is  equal  to  one  grain  of  ammonia,  will  serve  for  titrating. 

93.  The  following  is  the  method  of  making  an  experi- 
ment : — An  ammonia  cylinder  is  charged  with  50  septems  of 
the  acid  solution,  and  5  feet  of  gas  passed  through,  any  tar 
that  may  be  in  the  gas,  being  kept  back  by  cotton  wool 
placed  in  a  calcium  chloride  tube.     The  cylinder  and  con- 
tents are  washed  out  until  free  from  acid,  and  the  washings, 
after  being  well  mixed,  are  placed  in  a  graduated  measure, 
which  may  conveniently  be  20  ounces.     If  the  washings  do 
not  amount  to  that  volume,  they  must  be  diluted  with  dis- 
tilled water  to  that  extent.     A  twentieth  part,  or  1  ounce 
of  the  solution,  after  being  largely  diluted  with  distilled 
water,  is  now  titrated  with  the  ammonia  solution  as  pre- 
viously  described,  and,  after  neutralisation,  the  alkali  re- 
maining in  the  burette  noted.     Supposing    this  to  be  60 
septems,  then,  as  each  septem  represents  0*01  grain  of  NHS, 
the  60  septems  would  represent  0*60  grains  of  ammonia; 
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but  as  only  a  twentieth  part  of  the  liquor  received  was 
taken  for  analysis,  this  result  must  be  multiplied  by  20, 
which  would  give  12  grains  of  ammonia  in  the  5  cubic  feet 

12  X  100 

of  gas,  and  therefore ^ =  240  grains  in  100  cubic 

o  i       ' 

feet. 

Harcourts  Colour  Test. 

94.  The  Referees'  method  for  the  estimation  of  sulphur 
compounds,  although  giving  accurate  results,  is  not  adapted 
where  rapidity  is  an  essential,  as,  say,  when  it  is  required  to 
know  the  condition  of  the  sulphide  vessels  for  the  elimination 
of  the  sulphur  compounds  at  any  particular  time ;  in  this 
case  the  colour  test  devised  by  Mr.  Vernon  Harcourt,  F.R.S., 
will  be  found  more  suitable. 

The  test  is  based  on  the  fact  that  when  coal  gas  con- 
taining bisulphide  of  carbon  is  passed  over  heated  platinised 
pumice,  the  bisulphide  is  more  or  less  decomposed  into 
sulphuretted  hydrogen  and  methane,  and  the  sulphuretted 
hydrogen  being  led  into  a  solution  of  a  lead  salt,  the 
intensity  of  colour  imparted  to  the  lead  solution  from  a 
given  quantity  of  gas,  as  compared  with  a  standard  tint 
corresponding  to  a  definite  quantity  of  lead  sulphide,  at 
once  enables  us  to  determine  the  amount  of  CS2  in  the  gas 
under  examination.  The  general  arrangement  of  the  test  is 
shown  in  Fig.  45. 

95.  The    glass    bulb,    which   is   filled   with   platinised 
pumice,  is  to  be  so  adjusted  that  it  may  be  about  an  inch 
above  the  burner,  and  in  the  middle  of  the  cylinder.     In 
order  to  use  the  apparatus,  first  turn  on  the  upper  stop-cock, 
thus  sending  gas  through  the  bulb  at  the  rate  of  about  half 
a  cubic  foot  per  hour,  as  may  be  judged  by  lighting  the 
gas  for  an  instant  at  the  end  of  the  horizontal  arm,  when  a 
flame  about  an  inch  long  should  be  produced.     Raise  the 
cylinder,  which  will  be  supported  by  the  pressure  of  the 
wires,  lig-ht  the  burner,  and  turn  down  the  flame  until  it  forms 
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a  blue  non -luminous  ring.  Lower  the  cylinder,  and  place 
the  small  fire-clay  pieces  upon  it  round  the  neck  of  the  bulb. 
96.  A  testing  may  be  made  five  minutes  after  the  burner 
is  lit,  except  when  the  apparatus  is  used  for  the  first  time, 
when  the  gas  should  be  allowed  to  flow  through  the  bulb 
for  a  quarter  of  an  hour  or  a  little  longer,  and  any  number 
of  testings  may  be  made  consecuth'ely,  so  long  as  the  heat  is 
maintained.  The  manner  of  conducting  a  test  is  as  follows  : — 


FIG.  45. 

Lay  a  piece  of  white  paper  on  the  table  by  the  side  of  the 
burner,  and  fix  a  piece  of  cardboard  upright  in  the  brass 
clip  provided  for  that  purpose — the  cardboard  serves  as  a 
background  against  which  to  observe  the  colour  of  the 
contents  of  the  test  glasses,  and  should  receive  a  side  light, 
and  be  as  clear  as  possible  from  shadows.  Place  the 
"  standard  "  glass,  "  day  light  "  or  "  gas  light "  according  to 
circumstances,  in  its  receptacle,  and  dilute  some  of  the  con- 
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centrated  lead  syrup  with  about  twenty  times  its  volume  of 
distilled  water,  and  fill  one  of  the  test  glasses  provided, 
up  to  the  mark  scratched  on  same,  with  a  portion  of  the 
liquid  thus  prepared. 

Insert  the  india-rubber  plug  with  capillary  and  elbow 
tubes,  and  connect  up,  as  in  Fig.  45,  with  the  bulb  and 
aspirator,  placing  tlie  standard  glass  and  test  glass  side  by 
side.  The  capillary  tube  should  descend  very  nearly  to  the 
bottom  of  the  glass,  but  must  not  press  on  the  bottom,  or  it 
will  probably  be  broken.  At  starting,  the  aspirator  should 
be  full  of  water  and  the  measuring  cylinder  empty.  Turn 
the  tap  of  the  aspirator  gradually,  a  stream  of  bubbles  will  rise 
through  the  lead  solution.  Turn  off  the  tap  for  a  minute, 
and  observe  the  liquid  at  the  bottom  of  the  capillary  tube. 
If  it  gradually  rises,  the  india-rubber  connections  are  not 
tight,  and  must  be  made  so  before  proceeding  further.  It  is 
necessary  to  avoid  pressing  the  plugs  into  the  test  glass,  or 
the  aspirator,  while  they  are  connected,  which  would  drive 
up  the  lead  solution  into  the  inlet  tube. 

97.  When  the  connections  are  air-tight,  allow  the  water  to 
run  into  the  measuring  cylinder  in  a  slender  stream  until 
the  lead  solution  has  become  as  dark  as  the  standard.  As 
the  ascending  bubbles  interfere  with  the  observation  of  the 
tint,  it  is  best  to  turn  off  the  tap  when  the  colour  seems 
almost  deep  enough  ;  compare  tbe  two,  turn  on  the  tap  if 
necessary,  for  a  few  moments ;  then  compare  again,  and  so  on 
until  the  colour  of  the  two  liquids  is  the  same.  The  volume 
of  water  which  the  measuring  cylinder  now  contains,  is 
equal  to  the  volume  of  gas  which  has  passed  through  the 
lead  solution.  This  volume  of  gas  contained  a  quantity  of 
sulphur  as  carbon  bisulphide,  which,  as  lead  sulphide,  has 
coloured  the  liquid  in  the  test  glass  to  the  same  depth  as  the 
standard  tint.  The  standard  has  been  made  such,  that  to 
impart  this  tint  to  the  solution  of  liquid  contained  in  the 
glass,  0'0187  grains  of  lead  sulphide  must  be  present,  con- 
taining 0'0025  grains  of  sulphur.  Hence,  supposing  the 
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measuring  cylinder,  each  division  of  which  corresponds  to 
^^th  of  a  cubic  foot,  to  have  been  filled  to  the  thirtieth 
division,  -j^^ths  of  a  cubic  foot  of  gas  contained  0*0025 
grains  of  sulphur.  From  these  figures  the  number  of  grains 
of  sulphur  existing  as  bisulphide  of  carbon  in  100  cubic  feet 
of  gas  can  easily  be  calculated. 

98.  The  following  table  gives  the  relation  between  (V) 
the  divisions  of  the  measuring  cylinder  filled  with  water, 
and  (S)  the  grains  of  sulphur  existing  as  bisulphide 
of  carbon  in  100  cubic  feet  of  gas.  Since  gas  contains, 
besides  carbon  bisulphide,  some  other  sulphur  compounds, 
which  are  not  decomposed  by  the  action  of  heat  into 
sulphuretted  hydrogen,  and  which  contain  sulphur  amount- 
ing on  an  average  to  seven  or  eight  grains  per  100  cubic 
feet  of  gas,  it  is  necessary  to  add  this  quantity  to  that 
found  by  the  colour  test  if  it  is  wished  to  know  approxi- 
mately the  total  amount  of  sulphur  in  the  gas. 
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99.  For   another    experiment,   the    test   glass  is  to  be 
disconnected  and  recharged;    the  water  in  the  measuring 
cylinder  being  poured  back  into  the  aspirator.     The  colour  of 
the  standard  is  unaffected  by  exposure  to  light,  but  deepens 
if  the  liquid  is  warmed,  resuming  its  original  shade  as  the 
liquid  cools.     If,  therefore,  the  glass  containing  the  standard 
has  been  kept  in  a  warm  place,  it  should  be  allowed  to  cool 
before  testing. 

The  lead  solution  used  in  the  experiments  becomes 
colourless  after  being  exposed  to  the  light  for  a  few  hours, 
and  may  therefore  be  used  over  and  over  again  for  twenty 
times  or  more,  provided  that  it  does  not  absorb  carbonic 
acid  from  the  air.  The  best  mode  of  working  is  to  have 
two  well-corked  bottles,  into  one  of  which  the  coloured  liquid 
is  emptied,  while  the  test  glass  is  recharged  from  the  other. 

It  is  hardly  necessary  to  remark,  that  in  the  event  of 
making  an  experiment  for  CS2  on  crude  gas  containing  SH2, 
the  latter  impurity  should  previously  be  removed  by  passing 
it  through  oxide  of  iron. 

IV.  ANALYSIS  OF  AMMONIACAL  LIQUOR. 

100.  Gas  liquor  may  be  said  to  consist  of  a  solution  of  the 
following  ammonium  salts. 

Volatile  Salts  :— 

Ammonium  carbonate  (mono-  sesqui-  bi-). 

sulphide  (NH4)2S. 
„          hydrosulphide  NH4HS. 
„          cyanide. 
„          acetate. 

fixed  Salts  .— 

Ammonium  sulphate. 

„  sulphite. 

„  thiosulphate  (hyposulphite). 

„  thiocarbonate. 

„  chloride. 

„  sulphocyanide  (thiocyanate), 

n  fprrocyanjde. 
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Also  the  salts  of  organic  bases,  especially  those  of  the 
pyridine  series,  phenols,  and  other  matters  of  a  tarry 
character. 

The  term  "  free "  as  emploj^ed  here,  is  not  to  be  taken 
in  its  ordinary  sense,  but  rather  that  the  compounds,  of 
ammonia  with  such  acids  as  carbonic  and  sulphvdric,  can  be 
removed  from  their  solutions  by  simply  boiling  them  for  a 
sufficiently  long  period,  or  by  acting  on  them  with  dilute 
acid  in  the  cold  :  the  ammoniacal  salts  called  "  fixed  "  are  not 
removed  from  their  solutions  by  boiling,  or  by  treatment 
with  acid,  so  it  is  necessary  to  heat  such  solutions  in  the 
presence  of  a  caustic  alkali  or  lime,  which  sets  the  ammonia 
free  from  its  combination  with  the  acids. 

Free  ammonia  in  the  ordinary  sense  of  the  word  means  a 
solution  of  caustic  ammonia. 

101.  The  chief  and  most  often  recurring  of  the  volatile 
salts  are  the  sulphide  and  the  carbonate ;  of  the  fixed  salts 
the  chloride  and  the  sulphocyanate. 

The  percentage  of  the  total  ammonia  combined  as  fixed 
salt  varies  greatly  in  different  samples  of  liquor. 

The  occurrence  of  these  different  ammonium  salts  and  the 
proportion  in  which  the  ammonia  is  combined  with  each  acid 
depend  on  (1)  the  description  of  coal  distilled,  (2)  the  tem- 
perature at  which  it  is  distilled,  (3)  the  temperature  to  which 
the  liquor  has  been  subjected,  and  whether  it  has  been 
exposed  to  the  air  or  not,  and  (4)  the  point  in  the  condensing 
or  scrubbing  plant  from  which  the  sample  is  taken,  and  the 
general  treatment  to  which  the  gas  is  subjected  during  the 
operation  of  washing  and  scrubbing.  For  example  if  a  coal 
is  distilled  which  contains  an  appreciable  quantity  of  sodium 
chloride  (common  salt),  hydrochloric  acid  is  given  off,  and  we 
therefore  find  a  large  percentage  of  fixed  ammonium  chloride 
in  the  liquor.  On  the  high  or  low  heats  of  the  retorts 
depends  in  a  great  measure  the  larger  or  smaller  percentage 
of  fixed  ammonium  sulphocyanate  in  the  liquor.  Exposing 
liquor  to  a  high  temperature,  or  to  the  air  at  ordinary  tern- 
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peratures,  causes  it  to  lose  ammonia,  thereby  converting  its 
ammonium  sulphide  (NH4)2S  as  well  as  ammonium  mono- 
carbonate,  (NH4)2C03  respectively,  into  ammonium  hydro- 
sulphide  NH4HS,  and  ammonium  bicarbonate  NH4HC03.  It 
also  has  the  effect  of  oxidising  its  ammonium  sulphide  to 
ammonium  thiosulphate,  and  in  some  very  slight  degree  to 
ammonium  sulphate. 

102.  The  value  of  ammoniacal  liquor  is  commercially  ex- 
pressed by  the  number  of  ounces  by  weight  of  mono-hydrated 
sulphuric  acid,  H2S04,  which  is  required  to  saturate  one  gallon. 
For  instance,  if  a  liquor  is  said  to  be  of  eight-ounce  strength,  it 
means  that  a  gallon  of  the  liquor  would  require  eight  ounces  of 
pure,  strong,  sulphuric  acid  to  neutralise  it. 

The  crudest  method  by  which  the  strength  of  liquor  is 
determined,  is  based  on  the  assumption  that  the  quantity  of 
acid  required  to  saturate  the  liquor,  bears  a  certain  relation 
to  the  specific  gravity  of  the  latter.  In  this  method  a  No.  1 
Twaddell's  hydrometer  is  employed,  having  a  scale  divided 
and  numbered  from  zero  at  the  top  to  25  at  the  lower  part  of 
its  stem.  A  glass  jar  of  a  suitable  size  having  been  filled 
with  liquor,  which  should  be  at  the  temperature  of  60°  F., 
the  hydrometer  is  immersed,  and  the  division  on  the  scale  to 
which  it  sinks  in  the  liquor  noted.  Each  degree  upon  the 
scale  is  supposed  to  indicate  the  presence  of  as  much  NH3  in 
one  gallon  of  the  liquor  as  will  require  two  ounces  by  weight 
of  pure  strong  sulphuric  acid  to  neutralise  it.  For  instance, 
if  the  hydrometer  sinks  to  the  division  5  on  the  scale,  the 
liquor  is  said  to  be  of  ten- ounce  strength. 

This  method  of  determining  the  strength  of  ammoniacal 
liquor  is  not  at  all  an  accurate  one,  and  is  only  suitable  for 
general  guidance  in  the  working  of  the  scrubbing  or  washing 
plant  in  gasworks ;  it  should  never  be  used  when  the  actual 
amount  of  ammonia  in  the  liquor  is  required,  for,  supposing  a 
liquor  to  contain  an  excess  of  caustic  ammonia,  its  strength 
would  be  under-estimated,  owing  to  ammonia  being  lighter 
than  water,  and  thus  reducing  the  specific  gravity  of  the 
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liquor ;  on  the  other  hand,  if  a  liquor  had  been  repeatedly 
passed  through  the  scrubbers,  and  thus  become  charged  with 
an  excess  of  carbonic  acid,  it  would  probably  be  over-esti- 
mated, as  C02  would  raise  the  specific  gravity. 

103.  Another  method  of  estimating  the  value  of  liquor  is 
to  find  by  an  experiment  the  number  of  ounces  of  pure  strong 
sulphuric  acid  which  are  required  to 
neutralise  the  ammonia  in  a  gallon  of 
liquor,  but  as  it  would  not  be  practicable 
to  operate  on  so  large  a  quantity  as  one 
gallon,  or  to  employ  strong  sulphuric 
acid,  the  following  modification  is  em- 
ployed : — 

A  graduated  glass  vessel  called  an 
alkalimeter,  Fig.  46,  is  provided,  and 
this  is  graduated  into  1 6  parts. 

A  solution  of  sulphuric  acid  is  made 
by  adding  one  pound  of  pure  sulphuric 
acid  (sp.  gr.  1845)  to  distilled  water,  and 
making  up  the  solution  to  one  gallon  at 
a  temperature  of  60°  F.  The  specific 
gravity  of  this  solution  should  be  1064*  4. 
The  testing  is  conducted  as  follows  : — 

The  alkalimeter  is  first  rinsed  out 
with  a  portion  of  liquor,  and  is  after- 
wards charged  with  liquor  to  the  top  of  the  scale ;  this  is 
then  poured  carefully  out  into  a  beaker  or  porcelain  basin. 
The  instrument  is  then  well  rinsed  out  with  distilled  water, 
and  the  rinsings  added  to  the  liquor  in  the  basin.  In  order 
to  guard  against  loss  whilst  pouring,  it  is  advisable  to 
grease  the  edge  of  the  beak  of  the  alkalimeter.  A  small 
quantity  of  the  test  acid  is  now  poured  into  the  alkalimeter 
and  the  instrument  well  rinsed  out  with  the  same ;  this  is 
then  poured  away  ;  the  alkalimeter  is  next  charged  with  the 
acid  to  the  top  of  the  scale.  Having  largely  diluted  the 
contents  of  the  beaker  with  distilled  water,  and  coloured  the 
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solution  with  a  few  drops  of  methyl  orange  indicator,  which 
will  give  it  a  yellow  tint,  the  contents  of  the  alkalimeter  are 
carefully  poured  into  the  liquor. 

This  operation  should  be  performed  very  gradually  and  by 
small  portions  at  a  time,  the  contents  of  the  beaker  being 
well  stirred  between  each  addition  of  the  acid,  so  as  to  allow 
of  the  disengagement  of  the  carbonic  acid  and  sulphuretted 
hydrogen  in  the  liquor.  When  all  the  liquor  has  been  neu- 
tralised, the  solution  will  change  to  a  pinkish  tint,  and  on 
reading  off  the  number  of  divisions  of  acid  required  for 
neutralisation,  the  ounce  strength  is  obtained.  Supposing  it 
required  nine  divisions,  then  the  liquor  would  be  of  nine- 
ounce  strength.  By  this  method  the  same  results  are 
obtained  as  if  we  had  added  strong  acid  to  a  gallon  of  liquor, 
for  the  alkalimeter  being  divided  into  sixteen  parts,  each  part 
represents  such  a  proportion  of  acid  solution  as  would  contain 
one  ounce  of  the  strong  acid,  while  its  total  contents  represent 
one  gallon.  It  is  first  used  to  measure  the  liquor,  and  after- 
wards to  measure  the  acid  solution,  and  under  these  condi- 
tions it  does  not  signify,  within  certain  limits,  what  its  true 
capacity  may  be. 

This  method  of  determining  the  strength  of  ammoniacal 
liquor  is  also  unreliable,  as  it  does  not  take  any  cognisance 
of  the  fixed  ammonia.  The  only  reliable  method  of  obtaining 
the  value  of  a  sample  of  liquor,  is  to  heat  it  with  an  excess  of 
potash  or  soda,  which  will  liberate  the  whole  of  the  ammonia 
from  its  combination  with  acids  ;  the  evolved  ammonia  is  led 
into  a  solution  of  sulphuric  acid,  which  is  afterwards  titrated 
with  an  alkaline  solution  of  equal  strength,  and  from  the 
amount  of  acid  neutralised  by  the  ammonia,  the  amount  of 
the  latter  is  determined  as  in  (59). 

104.  The  solution  of  sulphuric  acid  is  of  the  same  strength 
as  that  already  mentioned,  and  is  commonly  known  as  ten  per 
cent.  acid.  It  is  prepared  by  pouring  about  three  pints  of 
distilled  water  into  a  half-gallon  graduated  measure,  and 
adding  to  this,  half  a  pound  (4-  34  ounces  by  measure)  of  pure 
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concentrated  sulphuric  acid  (sp.  gr.  1845).  The  solution  is 
well  mixed  by  stirring  with  a  glass  rod,  the  vessel  is  covered, 
and  the  mixture  allowed  to  cool  down  to  the  temperature  of 
60°  F.  When  this  temperature  is  attained,  the  additional 
quantity  of  water  necessary  to  bring  the  volume  to  exactly 
half  a  gallon  is  added,  and  the  solution  again  well  mixed.  Its 
specific  gravity  may  now  be  tested  by  means  of  a  delicate 
hydrometer,  and  if  more  than  half  a  degree  above  or  below 
1064*4,  it  will  be  necessary  to  add  small  quantities  of  water 
or  of  acid,  until  the  correct  specific  gravity  is  closely 
approached. 

The  following  table,  which  is  due  to  Mr.  L.  T.  Wright, 
will  be  found  useful  when  there  is  a  difficulty  in  obtaining 
the  temperature  of  60°  F. ;  it  shows  what  the  specific  gravity 
of  the  acid  should  be  at  different  temperatures  below  and 
above  60°  F.,  in  order  to  correspond  to  the  specific  gravity 
1064 -4  at  60°  F. 


Temp. 

Specific 
Gravity. 

Temp. 

Specific 
Gravity. 

Temp. 

Specific 
Gravity. 

Temp. 
F. 

Specific 
Gravity. 

35 

1068-85 

54 

1065-64 

61 

1064  -J9 

68 

1062-72 

40 

1068-10 

55 

1065-45 

62 

1063-98 

69 

1062-51 

45 

1067-30 

5G 

1065-24 

63 

1063-77 

70 

1062-30 

50 

1066-40 

57 

1065-03 

64 

1063-56 

75 

1061-20 

51 

1066-21 

58 

1064-82 

65 

1063-35 

80 

1060-05 

52 

1066-02 

59 

1064-61 

66 

1063-14 

85 

1058-95 

53 

1065-83 

60 

1064-40 

67 

1062-93 

90 

1057-80 

105.  The  strength  of  the  solution  may  also  be  checked 
gravi metrically  or  volumetrically. 

In  order  to  check  it  by  the  gravimetric  method,  exactly 
one  ounce  by  measure  of  the  solution  is  poured  into  a  beaker, 
and  having  been  largely  diluted  with  distilled  water,  neutra- 
lised by  ammonia,  and  afterwards  rendered  acid  by  hydro- 
chloric acid,  it  is  raised  to  the  boiling  point,  and  an  excess 
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of  solution  of  barium  chloride  added.  The  precipitate  of 
BaS04  obtained,  is  treated  in  the  usual  manner,  and  should 
weigh,  after  deducting  the  filter  ash,  104-017  grains,  which 
is  arrived  at  as  under. 

Half  a  gallon  =  80  fluid  ounces,  and  £  Ib.  of  acid  (3500 
grains  troy)  are  contained  in  J  gallon  of  the  solution,  con- 
sequently each  ounce  by  measure  of  the  acid  solution 
contains  43*75  grains  of  sulphuric  acid,  consequently 

=  104-017  grains  of  BaS04,  which  is  equal  to 

y  o 

43-75  grains  of  sulphuric  acid.  If  the  weight  of  BaS04 
obtained  differs  from  104-017  grains,  the  solution  must  be 
made  stronger  or  weaker,  as  the  case  may  be,  until  the  correct 
weight  is  obtained. 

106.  The  solution  may  be  checked  volu metrically  by 
neutralising  chemically  pure  Na2C03,  using  methyl  orange 
as  indicator.  It  is  essential  that  the  Na2C03  be  pure  ;  this  is 
ascertained  by  dissolving  about  80  grains  of  it  in  distilled 
water,  when  a  clear  colourless  solution  should  be  obtained, 
and  testing  for  the  presence  of  sulphates  or  chlorides.  To 
do  this,  add  an  excess  of  HN03  in  order  to  expel  all  C02, 
and  to  one  half  of  the  acidified  solution  add  a  few  drops  of 
pure  BaCl2  solution,  and  to  the  other  half  a  few  drops  of 
AgN03  solution.  The  solutions  should  remain  clear  in  both 
cases.  Should  there  be  any  difficulty  in  procuring  pure 
Na2C03  it  may  be  obtained  in  the  following  way: — Shake 
up  a  quantity  of  the  best  commercial  sodium  bicarbonate 
(NaELC03)  with  successive  small  quantities  of  distilled 
water,  until  the  washings  when  tested  for  Cl  or  H2S04  in  the 
manner  described  above,  give  negative  results.  The  NaHC03 
so  treated,  is  then  dissolved  in  boiling  water,  the  solution 
filtered,  evaporated  over  a  Bunsen  burner  almost  to  dryness, 
stirring  constantly  as  the  mass  becomes  pasty,  and  finally  to 
complete  dryness  on  the  water-bath.  The  salt  is  then 
roughly  powdered  and  preserved  in  a  stoppered  bottle. 

To  standardise  the  acid  solution,  take  about  200  grains  of 
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the  NaHCOg  and  heat  it  carefully  in  a  platinum  crucible 
over  a  small  Bunsen  flame  for  about  20  minutes,  stirring 
constantly  so  as  not  to  fuse  the  Na2C03,  until  all  moisture  is 
expelled ;  place  the  crucible  in  the  desiccator  to  cool,  and 
when  cold,  weigh  out  47  •  32  grains  on  a  watch-glass,  this 
being  the  quantity  which  will  be  neutralised  by  1  fluid 
ounce  of  the  standard  acid  if  it  is  correctly  made  up. 

The  weight  47 '32  is  thus  obtained:  106  parts  by  weight 
of  Na2C03,  are  neutralised  by  98  parts  of  H2S04,  and  as 
1  fluid  ounce  of  the  solution  contains,  as  previously  stated, 
43 '75  grains  of  H2S04,  this  would  require  47-32  grains  of 

Na2C03  for  neutralisation  :   :     — gg— :    -  =  47  •  32. 

The  47-32  grains  of  Na2C03  are  washed  off  the  watch- 
glass,  by  means  of  distilled  water  from  the  wash  bottle,  into 
a  deep  white  porcelain  dish,  a  few  drops  of  methyl  orange 
solution  added,  and  the  standard  acid  run  in  from  a  gradu- 
ated burette,  the  solution  being  constantly  stirred  while 
this  is  effected,  until  a  drop  of  the  acid  suddenly  changes 
the  colour  of  the  solution  from  a  golden  yellow  to  a  reddish- 
brown  tint.  A  second  weighed  quantity  of  Na2C03  is  then 
treated  in  the  same  way,  in  order  to  check  the  result  ob- 
tained with  the  first  quantity  weighed  out.  Should  the 
acid  solution  prove  either  too  weak  or  too  strong,  the  cal- 
culated quantity  of  water  must  be  added,  and  the  strength 
of  the  solution  again  tested  with  Na2C03. 

When  the  acid  solution  has  been  obtained  of  the  correct 
strength  we  may  compare  it  with  the  alkaline  (soda)  solu- 
tion, which  should  exactly  match  it. 

107.  The  latter  solution  is  made  by  dissolving  "  stick  " 
caustic  soda,  "  not  by  alcohol,"  in  water,  filtering  the  solution 
through  asbestos,  and  diluting  until  it  has  a  specific  gravity 
of  about  1086  at  62°  F. ;  this  will  about  match  the  acid 
solution ;  in  order  to  ascertain  whether  it  does  so,  a  burette 
having  a  capacity  of  2  fluid  ounces,  and  divided  into  32  parts 
is  provided;  this  is  charged  in  the  ordinary  way  with 


SPECIAL   ANALYSES.  167 

2  fluid  ounces  of  the  caustic  soda  solution.  Exactly  1  fluid 
ounce  of  the  acid  solution  is  then  measured  out  by  means  of 
a  pipette  into  a  beaker,  diluted  with  distilled  water,  coloured 
with  a  few  drops  of  tincture  of  cochineal  solution,  and 
placed  on  a  white  tile  or  filter  paper,  beneath  the  burette 
containing  the  soda  solution.  The  latter  solution  is  then 
slowly  run  in  to  the  acid  (which  is  kept  constantly  stirred) 
until  the  colour  suddenly  changes  to  purple.  If  more  or 
less  than  1  ounce  of  the  soda  solution  be  required  to  effect 
this  change,  small  additional  quantities  of  caustic  soda  or  of 
water  must  be  added  to  the  remainder  of  the  ^  gallon,  and 
fresh  experiments  made  until  the  correct  strength  is  attained. 
The  solution  must  then  be  immediately  bottled,  tightly 
corked,  and  kept  in  a  cool  place. 

108.  The  apparatus  employed  is  the  same  as  was  de- 
scribed in  the  analysis  of  ferrous  ammonium  sulphate,  and  is 
shown  in  Fig.  33. 

Having  connected  the  whole  apparatus  together  as  shown, 
into  the  flask  A  place,  by  means  of  a  pipette,  2  fluid  ounces 
of  the  test  acid ;  this  should  be  poured  through  the  tube  B, 
in  order  to  thoroughly  moisten  with  acid  the  pieces  of 
broken  glass  contained  therein.  Then  pour  into  the  flask 
E,  one  measured  ounce  of  the  ammoniacal  liquor,  closing  the 
«top-cock  of  the  funnel  immediately  after  so  doing ;  a  little 
distilled  water  should  be  added  to  the  measure  which  con- 
tained the  liquor,  and  the  rinsings  added  to  the  contents  of 
the  flask  E.  One  ounce  of  caustic  soda  solution,  made  by 
dissolving  some  "  stick  soda  "  in  the  proportion  of  1  ounce  of 
soda  to  9  ounces  of  distilled  water,  is  also  added  to  the 
contents  of  the  flask  E.  The  Bunsen  burner  beneath  the 
sand-bath  is  then  lit,  and  the  contents  of  the  flask  E  are 
brought  to  the  boiling  point,  and  maintained  in  that  condi- 
tion for  about  30  minutes,  by  which  time  all  the  ammonia 
contained  in  the  liquor  will  have  passed  over  into  the  flask 
A.  The  stop-cock  on  the  funnel  is  then  opened,  the  Bunsen 
burner  turned  off,  and  the  apparatus  allowed  to  cool.  The 
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point  of  the  tube  in  the  flask  A  must  not  touch  the  surface 
of  the  acid  during  the  experiment.  The  apparatus  is  now 
disconnected,  and  the  pieces  of  glass  in  B  rinsed  with  a 
little  distilled  water  into  the  flask  A.  The  whole  contents 
of  the  flask  A  are  then  transferred  without  loss  to  a  beaker, 
and  coloured  with  a  few  drops  of  cochineal  solution. 

109.  The  burette  having  been  charged  with  the  standard 
solution  of  soda  (107)  the  beaker  is  placed  underneath,  and 
the  soda  solution  run  in,  until  the  colour  of  the  acid  solution 
changes  to  purple,  when  the  division  at  which  the  solution 
now  stands  in  the  burette  must  be  noted.     The  strength  of 
the  liquor  under  examination  is  indicated  by  the  quantity 
of  soda  solution  remaining  in  the  burette,  which  represents 
the  quantity  of  ammonia  which  has  been  given  off  from  the 
liquor  and  absorbed  by  the  acid  in  the  flask  A. 

For  example,  if  12  divisions  of  soda  solution  be  left  in 
the  burette,  the  liquor  contains  sufficient  ammonia  in  1 
gallon  to  neutralise  12  ozs.  of  pure  strong  sulphuric  acid. 
The  reason  of  this  is  obvious.  In  the  flask  A,  2  ounces  of 
acid  were  placed,  and  the  burette  contained  originally  2  ozs. 
of  soda  solution,  which  exactly  matched  the  2  ozs.  of  acid. 
In  the  flask  E  1  oz.  of  the  liquor  was  placed,  consequently 
the  volumes  of  the  two  standard  solutions  are  exactly  double 
the  volume  of  the  liquor  operated  on.  Now  if  the  liquor  had 
been  exactly  sixteen-ounce  strength,  its  ammonia  would  have 
neutralised  just  1  fluid  ounce,  or  half  the  acid  employed;  the 
remaining  half  would  then  have  been  neutralised  by  half 
the  soda  in  the  burette,  or  by  16  divisions,  and  therefore 
16  parts  would  be  left  and  indicate  the  strength  of  the 
liquor.  The  excess  of  acid  is  employed  in  order  to  ensure 
that  no  ammonia  escapes. 

110.  The  following  are  useful  notes  in  connection  with 
this  subject : — 

Each  ounce  of  acid  (H2  S04)  combines  with  0-347  ounce  of 
ammonia,  forming  neutral  ammonium  sulphate  (NH2  S04). 
In  order  to  find  the  quantity  of  sulphate  of  ammonium 
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capable  of  being  produced  from  any  liquor,  the  ounce 
strength  of  which  has  been  determined  by  distillation  in 
the  manner  described,  multiply  the  ounce  strength  by 
1  •  347,  and  by  the  number  of  gallons.  If  the  strength  of 
the  liquor  is  given  in  terms  of  the  percentage  of  ammonia, 
multiply  the  total  percentage  ounces  by  4-  61,  then  by  1  •  347, 
and  finally  by  the  number  of  gallons.  The  product  of  the 
whole  will  be  the  total  weight  in  ounces  of  sulphate.  In 
order  to  calculate  direct  into  pounds  per  gallon,  multiply  the 
ounce  strength  by  -841  in  place  of  1-347,  moving  the 
decimal  point  one  place  to  the  left,  thus,  liquor  ten -ounce 
strength  10x841  =  8 '410,  moving  the  decimal  point  ='8410 
pounds  sulphate  per  gallon. 

111.  The  value  of  a  liquor  may  also  be  determined  in 
the  same  apparatus  as  described  above,  using  the  ordinary 
systematic  normal  solutions  :  10  c.c.  of  the  liquor  are  distilled 
with  caustic  soda,  and  the  evolved  ammonia  led  into  20  c.c. 
of  normal  acid. 

The  acid  is  then  titrated  with  normal  caustic  soda  solu- 
tion. As  an  example,  8  c.c.  of  normal  soda  solution  were  re- 
quired to  neutralise  the  20  c.c.  of  acid,  then  the  quantity  of 
ammonia  is  12  X  0*017  x  10  =  2-04  per  cent. 

112.  In  order  to  be  able  to  tell  whether  the  scrubbers 
are  doing  their  proper  amount  of  work  in  taking  out  the 
impurities  C02  and  SH2  from  the  gas,  it  is  desirable  to  make 
periodical  analyses  of  the  liquor  for  the  amounts  of  these 
gases.     The   following   are   methods   for   determining   the 
same : — 

Estimation  of  Sulphuretted  Hydrogen  in  Gas  Liquor. 

Weigh  out  100  grains  of  the  gas  liquor  into  a  light  glass 
flask,  and  wash  the  contents  of  the  flask  into  a  beaker  ;  then 
add  an  excess  of  solution  of  arsenite  of  soda,  and  afterwards 
hydrochloric  acid  to  acid  reaction,  and  allow  the  precipitate 
to  settle.  This,  which  is  As2S3,  should  be  collected  on  a 


170   THE  GAS  ENGINEER'S  LABORATORY  HANDBOOK. 

weighed  filter,  and  treated  in  exactly  the  same  manner  as  in 
the  case  of  As203  previously  given  (26).  Every  246  parts  of 
As2S3  obtained  correspond  to  102  parts  of  H2S,  and  from  this 
the  percentage  of  H2S,  by  weight,  in  the  sample  is  arrived 
at.  The  cubic  inches  per  gallon  may  be  obtained  from  the 
percentage  by  weight  in  the  following  manner  : — 

First,  take,  by  a  hydrometer,  the  specific  gravity  of  the 
liquor,  from  which  the  weight  in  grains  of  one  gallon  of  the 
liquor  is  obtained.  Thus,  supposing  the  gravity  of  the  liquor 
to  be  1030,  we  say — 

Sp.g,H20          Sp.gr.  liquor.        ™$$™          ^ufinlS, 
As  1000      :         1030         :  :         70,000          :         72,100. 

We  next  require  to  find  the  grains  of  H2S  in  one  gallon  of 
the  liquor,  and,  supposing  the  percentage  by  weight  was 
found  to  be  0  •  58,  we  say — 

Weight  in         Percenta(ye  of         Weight  of  gallon  Weight  of  H2S 

grains  of  liquor            H  S°                         liquor  m  in  a  gallon  of 

analysed.                     2  '                         grains.  liquor  in  grains. 

As  100      :        0-58  ::        72-100  :        418-1. 


We  next  require  to  find  the  cubic   inches    of  H2S,  corre- 
sponding to  418-1  grains  ;  and  to  do  this  we  say — 

Weight  of  one        One  cubic  Weight  of  H2S  Cubic  inches 

cubic  inch  of  H2S  inch  in  a  gallon  per  gallon 

As  0-365        :         1          ::         418-1          :         1145. 

113.  A  method  of  determining  volumetrically  the  amount 
of  H2S  in  a  sample  of  gas  liquor  is  also  given. 

It  is  based  on  the  fact  that  when  a  solution  of  iodine  is 
brought  into  contact  with  sulphuretted  hydrogen,  the  follow- 
ing reaction  takes  place  : — 

H2S  -f  I2  =  2HI  +  S. 

The  first  operation  is  to  prepare  a  standard  solution  of 
iodine,  which  is  performed  as  follows : — 

Dissolve  149  •  4  grains  of  pure  iodine  with  300  grains  of 
potassium  iodide.  This  is  then  diluted  with  distilled  water 
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until  it  exactly  measures  2  decigallons,  when  100  septems 
of  the  solution  will  equal  1  grain  of  H2S. 

The  following  is  the  method  of  making  an  experi- 
ment : — 

Weigh  out,  into  a  small  flask,  100  grains  of  the  gas  liquor, 
and  wash  this  out  with  distilled  water  into  a  large  beaker  ; 
dilute  this  solution  with  distilled  water  until  it  measures 
about  a  pint ;  add  some  starch  paste,  and  afterwards  acetic 
acid  to  acid  reaction.  Then,  having  placed  the  beaker  on 
a  white  filter-paper,  run  in  the  iodine  solution  until  the 
contents  of  the  beaker  turns  a  blue  colour  (showing  that 
all  the  H2S  has  been  neutralised),  when  the  number  of 
divisions  required  should  be  noted,  each  septem  representing 
Ttnrth  of  a  grain  of  H2S. 

The  following  are  the  reasons  for  the  above  operations : 

According  to  the  equations  previously  given,  an  equiva- 
lent of  H2S  requires  two  equivalents  of  iodine,  or  34  grains 
of  H2S  would  require  254  grains  of  iodine,  consequently 
1  grain  of  H2S  would  require  7  •  47  grains  of  iodine. 

As  the  burette  employed  holds  100  septems,  and  as  a 
decigallon  equals  2000  septems,  in  the  present  instance  it  is 
made  to  contain  the  equivalent  of  20  grains  of  H2S,  as  1 
grain  equals  7  *  47  of  iodine. 

As  100  grains  of  gas  liquor  were  taken,  and  as  the  whole 
contents  of  the  burette  equals  1  grain,  each  division  equals 
the  hundredth  of  a  per  cent.,  by  weight,  of  H2S.  Supposing, 
for  instance,  that  a  sample  of  the  liquor  required  54  divi- 
sions of  the  iodine  solution,  this  would  be  equal  to  0  •  54  per 
cent,  by  weight. 

Estimation  of  Carbonic  Acid  in  Gas  Liquor. 

114.  Weigh  out,  into  a  small  flask,  100  grains  of  the  liquor, 
then  transfer  to  a  large  beaker,  dilute  largely  with  distilled 
water,  and  then  add  an  excess  of  solution  of  barium  chloride. 
The  solution  is  then  gently  warmed  for  the  space  of  half 
an  hour  on  the  water-oven,  and  afterwards  filtered  and 
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washed.  The  precipitate  should  then  be  ignited  at  a  gentle 
heat  apart  from  the  paper  of  the  filter,  the  ash  of  which  should 
subsequently  be  added.  Every  197  parts  of  BaCOs  obtained 
equal  44  parts  of  carbonic  acid. 

The  precipitate,  however,  contains,  not  only  the  BaC03 
but  also  any  sulphuric  acid  present.  In  order,  therefore,  to 
obtain  perfectly  accurate  results,  it  will  be  necessary,  after 
weighing  the  precipitate  of  BaC03,  to  dissolve  it  in  dilute 
hydrochloric  acid,  any  residue  of  BaS04  which  remains 
undissolved  being  collected  on  a  filter,  washed,  dried,  ignited 
and  weighed  in  the  usual  manner,  the  weight  obtained  being 
deducted  from  the  original  weight  of  the  BaC03,  and  a  cal- 
culation of  the  amount  of  C02  made  on  the  corrected  weight. 

The  following  is  the  method  of  obtaining  the  cubic  inches 
per  gallon  from  the  percentage  by  weight :  - 

Supposing  the  specific  gravity  of  the  liquor  to  be  1,030, 
and  the  percentage  by  weight  3*06. 

First  obtain  the  weight  of  a  gallon  of  the  liquor  in  grains 
— as  given  in  the  sulphuretted  hydrogen  example  =  72,100 ; 
then  find  the  grains  of  C02  in  a  gallon  of  liquor,  thus — 

Grains  of  Percentage  Gallon  of  liquor        Grains  of  CO2 

liquor  analysed         of  CO2  in  grains  per  gallon 

As  100         :       3-06          :  :          72,100        :          2206. 

Then,  to  find   the   number  of  cubic  inches  equal  to  2206 
grains,  we  say — 

Weight  of  one          One  cubic      Weight  of  CO2  in  a      Cubic  inches 
cubic  inch  OO2  inch  gallon  in  grains  per  gallon 

As  0-472        :         1        ::  2206          :         4673. 

115.  The  following  method  has  been  proposed  by  S. 
Dyson  for  a  complete  analysis  of  gas  liquor. 

(a)  Determination  rf  total  Ammonia. — 25  c.c.  of  the  liquor 
are  boiled  with  magnesia,  and  the  evolved  NH3  collected  in 
50  c.o.  of  standard  sulphuric  acid,  which  is  afterwards  titrated 
back  with  standard  soda.  Suppose  this  showed  2-045  per 
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cent.  NH3.  (When  employing  magnesia  it  must  not  be  for- 
gotten that  its  action  is  much  less  energetic  and  slower  than 
that  of  caustic  soda  or  lime.) 

(6)  Determination  of  total  Sulphur . — 25  c.c.  of  the  liquor 
are  allowed  to  fall,  drop  by  drop,  from  a  burette  into  water 
acidified  with  hydrochloric  acid  and  containing  an  excess  of 
bromine.  The  excess  of  bromine  is  evaporated  off,  the 
solution  filtered  from  the  precipitate  formed  (which  appears 
to  mainly  consist  of  tribromo-phenol)  and  the  sulphur  pre- 
cipitated as  barium  sulphate.  This  yields  e.g.  0*3915  per 
cent.  S. 

(c)  Determination  of  Sulphides. — Zinc  sulphate  and  am- 
monium chloride  are  added  to  25  c.c.  liquor ;  the  precipitate 
is  filtered  off  and  well  washed.  The  filter-paper  is  perforated, 
and  small  portions  of  the  precipitate  are  gradually  washed 
through  into  water  acidulated  with  hydrochloric  acid,  and 
containing  an  excess  of  bromine.  When  the  whole  of  the 
precipitate  has  been  washed  through,  the  solution  is  heated 
to  expel  the  excess  of  bromine,  filtered,  and  barium  chloride 
added  to  the  filtrate.  Suppose  this  showed  0*190  per  cent. 
S  =  0-303NH4HS. 

(eZ)  Determination  of  Carbonates. — An  ammoniacal  solution 
of  calcium  chloride  is  added  to  25  c.c.  liquor. 

The  precipitated  CaC03  is  filtered  off,  dissolved  in  50  c.c. 
standard  hydrochloric  acid,  and  the  solution  titrated  back 
with  standard  soda.  Suppose  this  showed  1  •  795  per  cent. 
C02=  3-916(NH4)2C03. 

(e)  Determination  of  Chlorides. — 50  c.c.  are  evaporated  to 
dryness  in  the  water-bath.  Water  is  added,  and  the  undis- 
solved  tarry  matters  filtered  off.  The  filtrate  is  mixed  with 
a  solution  of  copper  sulphate  and  ferrous  sulphate  in  about 
equal  proportions  (in  order  to  remove  thiocyanates)  and  the 
liquid  again  filtered. 

Nitric  acid  and  silver  nitrate  are  added  to  the  filtrate  and 
the  solution  is  boiled.  The  precipitate  is  allowed  to  settle 
and  the  supernatant  liquid  poured  through  a  filter.  Before 
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finally  filtering  off  the  silver  chloride,  it  is  digested  several 
times  with  hot  nitric  acid,  to  dissolve  out  the  silver  sulphide 
resulting  from  the  decomposition  of  the  silver  thiosulphate. 
The  silver  chloride  is  then  filtered  off  and  weighed.  Suppose 
this  showed  0-944  per  cent.  Cl  =  14-23 NH4C1. 

(/)  Sulphur  as  TUincyanate  determined  by  the  method 
employed  by  Linder :—  (i)  Ferrocyanide.  About  50  c.c.  of  the 
solution  are  treated  with  lead  carbonate  to  remove  sulphide, 
the  lead  sulphide  and  carbonate  removed  by  filtration  and 
thoroughly  washed ;  to  the  filtrate  acid,  sulphite  of  soda, 
containing  a  little  free  S02,  is  then  added,  followed  by  a 
distinct  excess  of  a  10  per  cent,  solution  of  copper  sulphate 
and  the  solution  allowed  to  stand  for  five  to  ten  minutes  at 
70°  to  80°  C.,  to  coagulate  the  cuprous  thiocyanate.  The 
solution  is  then  filtered  and  thoroughly  washed  with  boiling 
water  until  the  final  washings  remain  colourless  on  addition 
of  dilute  potassium  ferrocyanide.  The  residue  on  the  filter 
is  then  washed  back  into  the  flask,  digested  at  30°  to  40°  0. 
with  25  c.c.  of  a  4  per  cent,  solution  of  caustic  soda  (free  from 
chloride)  and  filtered.  To  the  cold  filtrate  are  added  5  c.c. 
of  nitric  acid  free  from  oxides  of  nitrogen  (50  per  cent, 
strength),  followed  by  1  c.c.  of  a  saturated  solution  of  iron 
alum  ;  the  solution  is  then  filtered,  if  necessary,  from  separated 

organic  matter  and  treated  with  —  AgN03. 

The  sulphur   as  thioc}~anate   in   grams   por  100   c.c.  = 

2  X  '  0032  X  c.c.  -  —  AgN03,  and  hydrocyanic  acid  as  thio- 

v- 

cyanate  =  2  X  -0027  X  c.c.  ^-  AgNO3. 

(ii)  Ferrocyanide  present.  50  c.c.  of  the  liquor  are 
slightly  acidified  with  sulphuric  acid,  and  ferric  alum  solu- 
tion added  in  suificient  quantity  to  impart  a  decided  red 
coloration ;  the  solution  is  now  warmed  to  60°  C.,  filtered 
from  the  Prussian  blue  and  washed  with  water  containing 
sodium  sulphate.  The  filtrate  is  then  treated  as  in  (i). 
Suppose  we  obtain  0*180  per  cent.  NH4CNS. 
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A  more  recent  method  for  the  estimation  of  sulphocyanides 
is  that  of  Lindes,  in  which  50  c.c.  of  the  gas  liquor  is  boiled. 
To  the  warm  solution  (50  to  60°  C.),  perchloride  of  iron  is 
added  to  precipitate  any  ferrocyanide,  and  the  precipitate  is 
filtered.  The  nitrate  is  acidified  with  sulphuric  acid,  and 
an  excess  of  a  solution  of  sodium  bisulphite  added  with  5  c.c. 
of  a  cold  saturated  solution  of  copper  sulphate;  it  is  then 
boiled  for  two  minutes,  warmed  on  a  water  bath  for  two 
hours,  and  then  allowed  to  cool,  and  filtered,  the  precipitate 
being  washed  three  times  with  water  containing  sodium 
sulphate.  The  precipitate  is  transferred  to  a  beaker,  and 
boiled  for  five  minutes  with  excess  of  a  20  per  cent,  solution 
of  sodium  carbonate;  it  is  then  filtered,  and  the  residue 
washed  three  times  with  a  strong  hot  solution  of  sodium 
sulphate,  and  allowed  to  cool.  The  filtrate  is  now  acidified 
with  nitric  acid,  free  from  nitrogen  oxides,  and  a  measured 

N 
excess  of  —  solution  of  silver  nitrate  added,  and  titrated  back 

N 

with  a  —  solution  of  ammonium  sulphocyanide,  using  iron- 
alum  as  an  indicator. 

(g)  Determination  of  Sulphates. — 250  c.c.  are  evaporated  to 
dryness.  Water  is  added ;  the  organic  substances  filtered 
off,  and  the  solution  boiled  with  HC1.  A  little  zinc  oxide  is 
added,  the  liquid  filtered,  and  the  sulphates  precipitated 
with  barium  chloride.  Suppose  this  showed  0'019  per  cent. 
(NH4)2S04. 

(A)  Determination  of  Tniosulphates. — This  cannot  be  done 
by  any  direct  method,  but  it  can  be  arrived  at  by  subtracting, 
from  the  amount  of  total  sulphur,  that  existing  as  sulphides, 
thiocyanates  and  sulphates. 
In  the  example  before  us — 

Total  sulphur 0'3915 

Sulphur  in  sulphides      O'lSOO 

„          thiocyanates 0-0757 

sulphates       0*0046 

0-2703 


Sulphur  in  ammonium  thiosulphate  -  G'280"! 

per  cent.  (NH4)2S2O,  /  " 
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(t)  Ferrocyanides. — The  residue  obtained  by  evaporating 
250  c.c.  of  the  liquor  to  dryness  is  dissolved  in  water,  the 
solution  filtered,  and  ferric  chloride  added  to  the  filtrate. 
The  precipitate  of  Prussian  blue  is  filtered  off,  washed,  and 
decomposed  with  caustic  soda.  The  ferric  hydroxide  thus 
obtained  is,  after  filtering  and  washing,  dissolved  in  dilute 
sulphuric  acid,  reduced,  and  the  solution  titrated  with  centi- 
normal  potassium  permanganate.  The  Fe  X  5*07  equals 
the  amount  of  (NH4)4FeCy6.  Suppose  we  have  found  0  •  0415 
per  cent,  of  this  compound. 

The  result  will  therefore  be  that  one  litre  of  the  sample 
of  gas  liquor  analysed  contains  in  grams — 

Total  ammonia       20 '45 

Sulphur 3-92 

NH3 

Ammonium  sulphide  NH4HS 3 '03  =  1-01 

„          monocarbonate  (NHJ2C03        ..  39-16=  13 -87 

chloride  NH4C1 14-23=  4'52 

thiocyanate  NH.CNS 1-80=  0'40 

sulphate  (NH4)2SO4 0-19=  0-05 

thiosulphate  (NH4)2S203    ..      ..  2-80=  0-64 

„          ferrocyanide  (NH^FeCy,, . .      ..  0-41=  O'lO 

20-59 
Analysis  of  Sulphate  of  Ammonia. 

116.  The  apparatus  used  in  the  estimation  of  ammoniacal 
liquor  *  may  be  used  for  the  analysis  of  (NH4)2S04.  A  care- 
fully selected  sample  from  the  bulk  of  the  salt  is  well  ground 
up,  and  the  whole  of  it  passed  through  a  sieve  of  about 
8  meshes  per  linear  inch,  and  a  small  portion  taken  from 
this.  10  grams  of  the  latter  are  dissolved  in  500  c.c.  of 
water,  and  50  c.c.  of  this  solution  are  placed,  together  with 
an  excess  of  caustic  soda,  into  the  flask  E,  and  the  ammonia 
evolved  led  into  20  c,c.  of  normal  (55)  acid  contained  in  the 

*  For  a  detailed  account  of  the  latest  methods  of  analysing  am- 
moniacal liquors,  the  student  is  referred  to  the  memorandum  by  Mr. 
Linder  in  the  Forty-sixth  Annual  Report  of  the  Chief  Inspector  of  Alkali 
Works. 
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flask  A.  At  the  end  of  the  distillation,  the  acid  is  titrated 
back  with  normal  caustic  soda  solution  (58). 

The  following  is  an  example  : — 

After  going  through  the  operations  described  abeve,  it  was 
found  that  the  20  c.c.  of  normal  acid  required  7  c.c.  of  normal 
caustic  soda  for  neutralisation,  then  13  c.c.  of  acid  have 
been  saturated  by  the  MH3  given  off  from  the  (NH4)2S04. 
As  the  10  grams  of  (NH4)2S04  originally  taken  were  dis- 
solved to  500  c.c.  and  50  c.c.  used,  it  follows  that  the  NH3 
given  off  from  1  gram  of  (NH4)2S04  amounts  to  0*017  X  13 
=  0'221  grams  (1  c.c.  normal  acid  corresponds  to  0*017 
grams  ammonia).  From  these  figures  it  follows  that  the  salt 
contains  22  •!  per  cent.  NH3. 


Y.  ANALYSIS  OF  LIME. 

117.  Lime  as  employed  in  gasworks  for  purifying  purposes 
is  usually  obtained  from  some  of  the  different  varieties  of 
limestone  which  are  found  in  various  parts  of  the  country. 
The  most  suitable  limestone  for  the  production  of  a  lime  best 
adapted  for  purifying  purposes  is  the  white  chalk  limestone, 
as  this  consists  of  almost  pure  carbonate  of  lime.  .  . 

Some  limestones  contain  notable  quantities  of  carbonate 
of  magnesia,  and  are  then  known  as  dolomites.  The  mag- 
nesium limestones  of  Yorkshire  and  Derbyshire  are  of  this 
description. 

On  burning  the  limestone,  carbonic  acid  is  driven  off, 
leaving  caustic  or  quicklime,  and  it  is  in  this  condition  that 
the  lime  is  usually  met  with.  The  following  equation  shows 
what  occurs  :— CaC03  =  CaO  +  C02. 

Quick-  or  caustic  lime  (CaO)  when  brought  into  contact 
with  water,  enters  into  chemical  combination  with  the  latter, 
the  combination  being  so  energetic  as  to  produce  great  heat. 
The  resulting  substance  is  a  definite  chemical  compound, 
known  as  calcic  hydrate,  or  slaked  lime,  the  operation  of 
adding  water  to  the  lime  being  known  as  slaking  (CaO  -f 
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H2O  =  CaO,H20).  A  good  idea  of  the  value  of  a  lime 
be  formed  from  the  way  it  behaves  on  slaking  ;  a  good  lime 
should  slake  easily,  and  form,  when  thus  treated,  a  light 
uniform  powder,  free  from  lumps,  which,  on  the  addition  of 
dilute  hydrochloric  acid,  should  not  give  any  marked  effer- 
vescence, indicating  that  all  the  C02  has  been  driven  off  in 
the  operation  of  calcining  the  limestone. 

When  quicklime  is  exposed  to  the  action  of  the  atmo- 
sphere for  a  considerable  length  of  time  it  slowly  absorbs 
water  therefrom,  and  falls  to'  powder.  In  that  condition  it 
forms  an  exceedingly  light  dry  powder,  similar  to  calcined 
magnesia  in  appearance.  Such  lime  which  has  "  fallen,"  or 
become  "air-slaked,"  as  it  is  termed,  is  partially  hydrated, 
its  probable  formula  being,  according  to  Professor  Wanklyn, 
(CaO)2H20 ;  lime  in  this  condition  is  very  caustic  and  cor- 
rosive. Lime  is  placed  in  the  purifiers  after  being  slaked. 

118.  The  theoretical  purifying  value  of  perfectly  pure 
hydrate  of  lime  is  as  follows  : — 

74  parts  by  weight  are  capable  of  uniting  with  44  parts 
of  C02,  or  34  parts  of  H2S.  Adopting  a  theoretical  unit 
of  1  Ib.  of  pure  calcium  hydrate,  such  amount  is  capable 
of  uniting  with  0*594  Ib.  of  carbonic  acid,  equal  to  about 
5  cubic  feet,  or  to  0'46  Ib.  of  sulphuretted  hydrogen  equal  to 
the  same  bulk.  The  actual  value  of  any  particular  sample  of 
lime  will,  of  course,  be  less  than  the  theoretical  value,  accord- 
ing to  the  amount  of  impurities  which  the  lime  contains. 

119.  The  impurities  existing  in  lime  may  be  derived  from 
the  following  sources  : — 

The  chalk  or  limestone  from  which  the  lime  is  obtained 
may  be  impure,  and  therefore  yield  a  correspondingly 
inferior  liine  on  being  calcined ;  the  burning  may  not  have 
been  efficient,  the  consequence  of  which  would  be  to  leave 
an  undue  percentage  of  undecomposed  carbonate  in  the  lime ; 
the  lime  may  have  been  of  good  quality  in  the  first  instance, 
but  may  have  become  subsequently  deteriorated  by  exposure 
to  the  weather  (air-slaked). 

120.  In  ascertaining  the  commercial  value  of  a  lime  fur 
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purifying  purposes,  it  is  not  generally  necessary  to  make  an 
exhaustive  analysis  with  the  idea  of  ascertaining  the  amount 
of  the  various  impurities  present ;  all  that  is  required  is  to 
determine  the  amount  of  available  lime  (CaO).  One  method 
of  arriving  at  the  value  of  a  sample  of  lime  is  to  note  the 
amount  of  water  it  takes  up  on  slaking,  as  the  weight  of 
water  taken  up  represents  the  quantity  which  has  entered 
into  chemical  combination  with  the  caustic  lime,  as  previously 
explained. 

121.  A  fair  sample  of  the  lime  is  taken,  and  from  this 
between  6  and  7  grams  are  weighed  out  into  a  porcelain 
basin.      Water    is    then    added,   in   sufficient    quantity   to 
thoroughly  slake  the  lime.     The  basin  and  its  contents  are 
then  placed  in  an  air-oven,  and  dried  at  a  temperature  of 
250°  F.,  and,  when  quite  dry.  weighed.     The  total  weight  will 
have  increased  by  the  amount  of  water  necessary  to  convert 
the   caustic   lime   into   hydrate,  and   the   amount    of  such 
increase  is,  therefore,  an  indication  of  the  purity  or  impurity 
of  the  sample.     As  an  example,  6 '84  grams  of  lime  were 
weighed  out   into   a   basin,  slaked,  dried   and   weighed   as 
above  described ;  the  gain  of  weight  observed  in  the  second 
weighing   amounted   to   2*05    grams  =  30   per   cent.,   con- 
sequently, as  18  parts  of  water  absorbed  represent  56  parts 
of  caustic  lime,  the  percentage  of  the  latter  is  obtained  from 
the  following  equation  : — 

As  18:  30::  56:  a. 
x  =  93-33  per  cent,  of  caustic  lime. 

122.  The  amount  of  caustic  lime  alone,  however,  does  not 
always  fairly  represent  the  actual  purifying  value  of  any  par- 
ticular sample,  for  a  portion  of  the  real  lime  present  may  have 
already  been  converted  into  hydrate  by  the  absorption    of 
moisture  from  the  atmosphere,  and,  consequently,  it  would  not 
be  able  to  take  up  any  more  water.     It  is  necessary,  therefore, 
in  order  to  ascertain  the  actual  purifying  value  of  any  sample, 

N  2 
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to  determine  the  amount  of  the  whole  of  the  lime  present  in 
an  available  condition.     This  is  effected  as  follows  :  — 

123.  A  portion  of  the  slaked  lime  obtained  as  above, 
equal  to  a  definite  amount  of  the  original  lime,  is  placed  in  a 
beaker,  and  dissolved  in  an  excess  of  a  measured  quantity  of 
normal  hydrochloric  acid  (56),  should  it  be  necessary  to  assist 
the  solution  by  heat  employing  only  a  very  moderate  tempera- 
ture. When  dissolved,  a  little  distilled  water  is  added,  and  the 
solution  coloured  with  a  few  drops  of  methyl  orange  solution. 
The  liquid  is  then  titrated  with  normal  soda  solution  (58), 
until  the  pink  colour  of  the  solution  changes  to  yellow.  On 
deducting  the  number  of  c.c.  of  the  soda  solution  which  are 
required  to  neutralise  the  acid  from  the  number  of  c.c.  of 
acid  added  to  the  lime,  the  number  of  c.c.  of  acid  which  it 
has  taken  to  combine  with  the  lime,  in  accordance  with  the 
following  equation,  is  arrived  at  :  — 

CaO,H20  +  2HC1  =  CaCl2  +  2H20, 

and  from  this  the  percentage  amount  of  lime  can  readily  be 
calculated. 

The  following  is  an  example  on  another  sample  of  lime  :  — 
A  portion  of  lime,  weighing  5*462  grams,  on  being  slaked, 
absorbed  1*44  grams  of  water  =  26*36  per  cent.,  which 
would  correspond  to  82  per  cent.  CaO.  A  fifth  part  of  this 
slaked  lime,  weighing  1*380  grams,  corresponding  to 
1*0924  grams  of  the  original  lime,  was  then  dissolved  in 
50  c.c.  normal  hydrochloric  acid.  On  titrating  this  solution 
with  normal  soda  solution,  it  required  16*4  c.c.  of  the  latter 
to  neutralise  it;  therefore  50  —  16*4  =  33*6  c.c.  of  the  acid 
were  required  to  combine  with  the  lime  in  the  sample. 
Therefore  0*028  X  33*6  =  0*9408  gram  of  lime  present, 


consequently  10Q  =86*1  per  cent,  of  lime  in  all 

* 


forms,  caustic,  hydrated,  and  carbonated.  If  there  is  much 
carbonate  of  lime  present,  shown  by  the  lime  effervescing 
strongly  on  the  addition  of  the  acid,  it  will  be  necessary  to 
estimate  the  amount  as  in  (34). 
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Should  there  be  much  difference  between  the  result  of  the 
slaking  and  of  the  acid  test  as  just  described,  the  lime  is 
either  not  sufficiently  burnt,  and  will  therefore  contain  a 
quantity  of  useless  carbonate,  which  is  shown  by  the  effer- 
vescence just  spoken  of,  or  else  it  has  been  exposed  to  the 
air  for  some  time,  and  become  air-slaked  to  some  extent. 

124.  The  following  is  another  method  of  determining  the 
value  of  a  sample  of  lime : — 

For  the  amount  of  free  CaO,  weigh  100  grams  of  an 
average  sample,  slake  it  completely,  put  the  resulting  milk 
of  lime  into  a  half-litre  flask,  fill  up  to  the  containing  mark, 
and  shake  well.  Then  take  out  100  c.c.,  run  it  into  a  half- 
litre  flask,  fill  up  with  distilled  water,  mix  well,  and  employ 
25  c.c.  of  the  contents,  equal  to  1  gram  of  quicklime  (CaO),  for 
the  test.  Titrate  with  normal  oxalic  acid  (57)  and  phenol- 
phthalein  as  an  indicator.  The  colour  is  changed  when 
all  free  lime  has  been  saturated  and  before  the  CaC03  is 
acted  on.  For  C02,  the  CaO  and  CaC03  are  titrated  together 
by  dissolving  in  an  excess  of  normal  HC1  (56)  and  titrating 
back  with  normal  soda  (58).  By  deducting  the  CaO  first 
obtained,  the  quantity  of  CaC03  is  arrived  at.  For  very 
accurate  estimations  the  C02  is  expelled  by  HC1,  and  ab- 
sorbed in  soda  lime  as  in  (34). 

VI.  ANALYSIS  OF  LIMESTONE. 

125.  As  mentioned  under  the  analysis  of  lime,  the  lime 
employed  in   gasworks   is   usually   met   with   as  quick,  or 
caustic  lime,  but  as  it  may  sometimes  be  requisite  to  know 
the  composition  of  the  chalk  or  limestone  from  which  the 
lime  is  obtained,  the  following  method  may  be  employed. 
The   substance   selected    for  an    example    is    dolomite    or 
magnesium    limestone,  which   contains    both   calcium    and 
magnesium  carbonates.     Limestone  also  contains   moisture, 
siliceous  matter,  iron  and  aluminium,  and  sometimes  man- 
ganese  and   the   alkali   metals.     Since   the   composition   of 
limestone  varies,  in  order  to  make  quite  certain  what  con- 
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stituents  are  present,  an  exhaustive  qualitative  examination 
should  precede  the  quantitative  analysis.  In  the  present 
example  a  homogeneous  piece  of  dolomite  should  be  selected, 
about  J  5  grams  finely  powdered,  and  the  powder  placed  at 
once  in  a  stoppered  weighing  bottle. 

(a)  Estimation  of  Moisture. — Dolomite  as  a  rule  does  not 
contain  much  moisture.  In  order  to  ascertain  whether  any 
moisture  is  present,  and  at  the  same  time  to  estimate  its 
amount,  1  •  5  to  2  grams  are  accurately  weighed  out  in  a  pair 
of  watch-glasses  provided  with  a  brass  clip,  Fig.  22  ;  the  clip 
and  upper  watch-glass  are  removed,  and  the  lower  glass 
containing  the  powder  is  dried  in  the  air-oven  for  an  hour 
at  a  temperature  of  about  200°  C.  The  substance  is  then 
removed  from  the  air-oven,  immediately  covered  with  the 
upper  watch-glass,  the  clip  replaced,  and  the  glasses  allowed 
to  cool  in  the  desiccator.  When  cold  the  glasses  are  weighed, 
Should  any  loss  of  weight  have  taken  place,  the  substance  is 
dried  again  for  half  an  hour  in  the  same  way,  and  weighed 
once  more.  These  several  processes  are  repeated,  until  the 
weight  remains  constant  in  two  successive  trials.  The  loss 
of  weight  then  observed  will  give  the  amount  of  moisture 
present. 

(6)  Estimation  of  C02. — Transfer  the  dried  dolomite  from 
the  last  operation  to  the  flask,  Fig.  24.  Decompose  it  with 
hydrochloric  acid,  and  estimate  the  C02  gas  evolved  exactly 
as  is  described  in  (34).  Care  should  be  taken  that  the  soda 
lime  absorption  tube  /  contains  sufficient  of  the  reagent  to 
completely  absorb  all  the  C02  gas  evolved;  preferably  a 
second  somewhat  smaller  soda  lime  tube  should  be  attached 
to  /.  This  second,  or  "  guard  "  tube,  not  only  serves  to  insure 
complete  absorption  of  the  C02,  but  also  indicates  when  the 
soda  lime  in  /  is  becoming  saturated,  and  consequently  re- 
quires renewal. 

(c)  Estimation  of  Siliceous  Matter. — The  residue  remaining 
in  the  carbonic  acid  apparatus  flask,  which  has  not  been 
dissolved  by  hydrochoric  acid  consists  of  sand  and  clay.  A 
small  quantity  of  silica  will  also  probably  be  found  in  the 
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acid  solution.  The  whole  of  the  silica  is  usually  estimated 
together  in  the  following  manner : — 

The  contents  of  the  flask  are  carefully  rinsed  out  into  a 
porcelain  dish  about  four  inches  in  diameter,  a  little  strong 
nitric  acid  is  added,  and  the  liquor  evaporated  down  to 
dry  ness  on  the  water-bath.  The  dish  is  then  gently  heated 
on  a  sand-bath  until  no  moisture  is  deposited  on  a  cold  clock- 
glass  when  the  latter  is  placed  upon  the  dish.  The  dish  is 
then  allowed  to  cool,  and  the  contents  are  heated  with  a 
little  strong  hydrochloric  acid,  so  as  to  dissolve  everything 
except  the  silica.  A  little  water  is  added,  and  the  residue  is 
filtered  off  and  washed  free  from  acid.  The  residue  is  then 
ignited,  together  with  the  filter  if  it  is  small  in  amount; 
if,  however,  the  residue  is  considerable,  the  latter  is  more 
conveniently  incinerated  apart  from  the  filter.  The  residue 
obtained  in  this  way  consists  of  silica  and  clay. 

(d)  Estimation  of  Ferric  Oxide  and  Alumina. — Add  to  the 
filtrate  and  washings  from  the  estimation  of  silica  a  con- 
siderable quantity  of  ammonium  chloride  solution,  and  then 
a  very  slight  excess  of  ammonium  hydrate.  Heat  the 
solution  nearly  to  boiling,  and  filter  off  the  precipitate 
containing  the  mixed  hydrates  of  iron  and  alumina.  Wash 
the  precipitate  two  or  three  times  with  hot  water,  then 
dissolve  it  in  hot  dilute  hydrochloric  acid,  and  reprecipitate 
the  iron  and  aluminium  by  adding  a  slight  excess  of  ammo- 
nium hydrate.  It  is  necessary  to  effect  this  double  precipita- 
tion, in  order  to  completely  separate  the  small  quantity  of 
calcium  which  is  precipitated  with  the  iron  and  aluminium 
in  the  first  instance.  Filter  off  the  precipitate,  and  wash  it 
until  it  is  free  from  dissolved  chlorides.  If  the  precipitate 
is  small  in  amount,  which  is  generally  the  case,  or  if  there  is 
no  necessity  to  estimate  the  iron  and  aluminium  separately, 
dry  the  precipitate  in  the  water-oven,  and  ignite  it  at  a 
bright  red  heat  in  a  platinum  crucible.  Unless  the  pre- 
cipitate is  large  in  amount,  or  contains  a  large  quantity  of 
iron,  the  filter  and  precipitate  may  be  ignited  together.  The 
ignited  residue  will  consist  of  Fe203  ftnd  A1303. 
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(e)  Separation  of  Iron  and  Aluminium. — The  washed  pre- 
cipitate of  aluminium  and  iron  hydroxides  is  dissolved 
upon  the  filter  in  hot  dilute  hydrochloric  acid,  and  the 
solution  collected  in  a  nickel  or  porcelain  dish,  containing 
about  50  c.c.  of  pure  strong  caustic  potash  solution.  The 
acid  adhering  to  the  filter-paper  is  washed  out  with  a  small 
quantity  of  water,  and  these  washings  are  also  allowed  to 
run  into  the  dish ;  the  contents  of  the  latter  are  then  boiled 
for  a  few  minutes.  The  iron  will  be  precipitated  as  ferric 
hydrate,  the  aluminium  hydrate  remaining  in  solution. 

The  iron  precipitate  is  filtered  off;  it  is  then  again  dis- 
solved in  hydrochloric  acid  and  reprecipitated  by  ammonium 
hydrate,  in  order  to  free  the  ferric  hydrate  from  fixed  alkali 
(potash).  It  is  then  washed  and  ignited  apart  from  the 
filter  at  a  red  heat  (19  &),  and  weighed  as  Fe203  (29). 

The  solution  of  aluminium  hydrate  in  the  KHO  solution 
is  treated  with  a  slight  excess  of  strong  hydrochloric  acid, 
and  then  with  a  very  slight  excess  of  ammonium  hydrate. 
It  is  then  filtered  off,  washed,  dried,  ignited,  and  weighed  as 
A1203  (30). 

[It  may  sometimes  happen  that  manganese  is  present  in 
the  limestone  ;  if  there  is  only  a  very  small  quantity  it  may 
be  neglected,  as  it  will  be  thrown  down  along  with  the  iron, 
and  will  cause  no  appreciable  error.  If,  however,  there  is 
any  quantity  of  manganese,  the  iron  and  aluminium  must 
be  first  precipitated  as  basic  acetates  and  the  manganese 
afterwards  precipitated  in  the  filtrate  as  hydrated  peroxide 
of  manganese. 

In  order  to  precipitate  the  iron  and  aluminium  as  basic 
acetates,  the  acid  filtrate  from  the  silica  determination  is 
considerably  diluted  with  water,  and  a  solution  of  ammonium 
carbonate  is  gradually  added,  with  constant  stirring,  until  the 
precipitate  which  first  forms  is  with  difficulty  redissolved. 
The  colour  of  the  solution  will  now  have  become  a  deep 
brown.  The  ammonium  carbonate  solution  is  continued 
to  be  added  very  slowly,  until  a  very  slight  precipitate 
forms,  which  just  redissolves  on  stirring.  This  is  readily 
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seen  to  be  the  case  when  the  liquid  becomes  slightly 
opalescent. 

A  moderate  quantity  of  ammonium  acetate  solution  is 
now  added,  and  the  liquid  boiled  for  a  short  time.  The 
liquid  is  filtered  while  hot,  and  the  precipitate  twice  washed 
with  boiling  water.  Any  manganese  which  has  been  pre- 
cipitated with  the  Fe  and  Al  is  removed  by  redissolving  the 
precipitate  in  hydrochloric  acid,  adding  ammonium  carbonate 
as  before,  and  reprecipitating  the  Fe  and  Al  with  ammonium 
acetate  solution  as  just  described.  The  precipitate  will  now 
contain  the  iron  and  aluminium  as  basic  acetates,  the 
manganese  remaining  in  solution. 

Filter  and  wash  the  precipitate,  without  stopping,  with 
hot  water ;  add  the  first  portion  of  the  washings  to  the  two 
filtrates,  and  treat  the  liquid,  which  should  be  perfectly 
colourless,  as  follows  : — Add  bromine  water  to  the  solution, 
until  it  acquires  a  permanent  yellow  colour,  then  add  excess 
of  ammonium  hydrate  solution,  and  warm.  The  manganese 
will  be  precipitated  as  hydrated  peroxide.  Filter  this  off, 
wash  and  ignite  it  strongly,  and  weigh  as  Mn304.] 

(/)  Estimation  of  Calcium. — Collect  the  ammoniacal 
filtrates  and  washings  from  the  iron  and  aluminium  preci- 
pitate (d),  heat  the  liquid  to  boiling,  and  then  add  a  moderate 
excels  of  ammonium  oxalate  solution.  Allow  the  precipitate 
to  settle  sufficiently  long,  then  filter,  and  wash  the  pre- 
cipitated calcium  oxalate  two  or  three  times.  Redissolve  the 
precipitate  in  hot  dilute  hydrochloric  acid,  and  repeat  hoo 
precipitation  by  adding  a  slight  excess  of  ammonium  hydrate 
solution,  together  with  a  few  drops  of  ammonium  oxalate 
solution.  Filter  oif,  wash,  dry,  and  ignite  the  precipitate, 
and  weigh  it  as  carbonate,  and  finally  as  oxide,  as  in  (28). 
The  reprecipitation  of  the  calcium  oxalate  is  necessary,  in 
order  to  completely  separate  the  magnesium  which  is  at 
first  thrown  down  with  the  calcium. 

(g~)  Estimation  of  Magnesium.  —  The  filtrates  and 
washings  from  the  precipitation  of  the  calcium  are  poured 
into  a  porcelain  dish  of  about  six  inches  diameter,  and  the 
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liquid  evaporated  down  to  dryness,  care  being  taken  that  it 
does  not  creep  over  the  edge  of  the  dish.  When  all  the 
liquid  has  been  driven  off,  place  the  dish  on  a  sand-bath  or 
on  a  piece  of  wire  gauze,  and  heat  as  long  as  ammoniacal 
fumes  are  driven  off.  It  is  necessary  to  remove  these  am- 
moniacal salts  on  account  of  their  preventing  the  complete 
precipitation  of  magnesium.  The  residue  in  the  dish  is 
treated  with  a  little  strong  hydrochloric  acid,  water  added, 
and  if  necessary  filtered.  A  moderate  excess  of  ammonium 
hydrate  solution  is  added  to  the  clear  liquid,  and  then  an 
excess  of  sodium  hydrogen  phosphate  solution.  The  liquid 
is  allowed  to  stand  for  a  few  hours,  or  vigorously  shaken  in 
a  stoppered  bottle,  the  precipitate  is  filtered  off,  and  washed 
with  dilute  ammonium  hydrate  solution  ;  it  is  then  ignited, 
and  the  Mg  weighed  as  Mg2P2Or  (32). 

(7i)  Estimation  of  the  Alkali  Metals. — These  are  not  usually 
determined  in  a  limestone  ;  they  can,  however,  be  estimated, 
if  necessary,  by  dissolving  5  grams  of  the  dolomite  in  hydro- 
chloric acid,  and  adding  an  excess  of  milk  of  lime, 
prepared  by  stirring  up  fresh  and  pure  slaked  lime  into  a 
cream  with  water.  The  milk  of  lime  precipitates  the 
whole  of  the  metals  present,  except  the  alkali  metals.  The 
excess  of  lime  is  then  removed  by  adding  ammonium  hydrate 
and  ammonium  oxalate  solutions  in  excess,  the  precipitated 
calcium  oxalate  is  filtered  off,  the  filtrate  is  acidified  with 
MCI,  and  evaporated  to  dryness  in  a  weighed  platinum  or 
porcelain  dish. 

The  chlorides  of  sodium  and  potassium  thus  obtained  are 
heated  for  a  short  time  on  the  sand-bath,  and,  after  cooling 
in  the  desiccator,  are  finally  weighed.  A  little  calcium  is 
frequently  found  in  this  residue,  it  is  therefore  always  ad- 
visable to  dissolve  it  in  water  containing  a  few  drops  of 
dilute  HC1,  and  then  to  add  a  few  drops  of  ammonium 
hydrate  and  of  ammonium  oxalate  solution.  If  a  precipitate 
forms,  filter,  evaporate  the  filtrate,  and  ignite  and  weigh  the 
residue.  The  residue  is  then  dissolved  in  water,  a  few 
drops  of  HC1  added,  and  then  an  excess  of  platinic  chloride 
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solution  ;  the  liquid  is  evaporated  on  the  water- bath  until 
a  semi-solid  crystalline  mass  is  obtained.  This  is  then 
treated  with  alcohol,  in  which  the  potassium  salt  K2PtCl6 
is  insoluble.  The  further  treatment  is  the  same  as  in  the 
analysis  of  fire-clay  (131e). 

In  addition  to  the  constituents  enumerated  above,  lime- 
stone may  also  contain  phosphate,  sulphate,  and  chloride. 
The  phosphate  may  be  estimated  by  dissolving  from  3  to 
5  grams  of  the  dolomite  in  nitric  acid;  most  of  the  acid  is 
evaporated  off,  the  liquid  diluted,  the  residue  filtered  off,  and 
the  (P04)  in  the  filtrate  precipitated  with  a  solution  of  am- 
monia molybdate,  and  the  phosphate  estimated  as  Mg2P207. 

The  sulphate  may  be  estimated  by  dissolving  5  grams 
of  the  dolomite  in  dilute  hydrochloric  acid,  filtering  off  the 
residue,  and  precipitating  the  S03  as  EaS04. 

The  chloride  may  be  estimated  by  dissolving  5  grams  of 
the  dolomite  in  nitric  acid,  filtering  off  the  residue,  and 
precipitating  and  weighing  as  AgCl. 

126.  The  following  is  a  rapid  method  for  the  analysis 
of  a  limestone : — 

Dissolve  1  gram  in  HC1,  filter  the  residue,  wash,  dry, 
and  ignite.  In  the  presence  of  appreciable  quantities  of 
organic  matter  weigh  the  filter  after  drying  at  100°  C.,  and 
ignite  afterwards.  The  difference  is  taken  as  organic  matter. 

For  the  amount  of  lime,  dissolve  1  gram  in  25  c.c. 
normal  HC1  (56),  and  titrate  with  normal  alkali  (58). 
Deduct  the  latter  from  25,  and  multiply  the  remainder  by 
2-8  to  find  the  percentage  of  CaO,  or  by  5  to  find  the 
percentage  of  CaC03. 

In  this  case  MgO  is  calculated  as  CaO ;  if  necessary  the 
MgO  or  MgC03  obtained  may  be  deducted.  Magnesia  is  esti- 
mated by  dissolving  two  grams  of  the  limestone  in  HC1,  pre- 
cipitating the  CaO  by  NH3  and  ammonium  oxalate,  filtering, 
and  precipitating  by  sodium  phosphate.  The  precipitate  is 
allowed  to  stand  for  24  hours,  filtered,  washed  with  dilute 
ammonia,  dried,  ignited  and  weighed  as  magnesium  pyro- 
phosphate,  one  part  of  which  =  0-36036  MgO  . 
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VII.  ANALYSIS  OF  OXIDE  OF  IRON  (Boo  ORE). 

127.  The  principal  information  required  in  the  analysis  of 
oxide  of  iron  for  purification  purposes  is  the  amount  of 
moisture  and  ferric  oxide,  and  this  is  obtained  as  follows : — 

(a)  Grammetrically. — Obtain  a  fair  sample  from  the  bulk, 
weigh  out  about  six  grams  into  a  tared  watch-glass,  and  dry 
in  the  water-oven  at  a  temperature  of  100°  C.  until  the  weight 
is  constant ;  this  will  give  the  amount  of  water  held  in  loose 
combination ;  the  residue  is  then  transferred  to  a  platinum 
crucible,  and  ignited  at  a  moderate  red  heat.  The  weight 
lost  on  ignition  is  due  to  the  water  of  hydration  and  organic 
matter. 

The  residue  in  the  crucible  is  then  washed  into  a  beaker, 
and  digested  with  strong  pure  hydrochloric  acid,  a  small 
quantity  of  pure  nitric  acid  being  subsequently  added. 
The  digestion  should  be  continued  until  the  undissolved 
residue  has  lost  its  red  colour,  showing  that  all  the  ferric 
oxide  has  passed  into  solution.  The  contents  of  the  beaker 
are  then  diluted  with  distilled  water  and  filtered,  with  the 
object  of  getting  rid  of  the  silica,  sand,  &c. ;  the  filter  contain- 
ing the  silica  is  washed  with  distilled  water  until  quite  free 
from  acid.  The  filtrate  is  then  heated,  and  a  slight  excess 
of  ammonia  added,  which  will  precipitate  the  ferric  oxide. 
The  precipitate  is  then  filtered  off,  washed,  dried,  ignited,  and 
weighed  as  Fe203. 

(6)  Volumetrically. — The  amount  of  ferric  oxide  in  bog 
ore  may  also  be  determined,  volumetrically,  by  means  of 
permanganate  or  bichromate  of  potash. 

The  solutions  employed  should  be  about  decinormal 
strength.  If  permanganate  is  the  standard  solution  used 
then  the  iron  should  be  dissolved  in  sulphuric  acid,  and 
reduced  to  the  ferrous  state  by  means  of  zinc,  but  as 
most  ores  dissolve  rather  sluggishly  in  sulphuric  acid,  it  is 
preferable  to  dissolve  in  hydrochloric  acid,  and  reduce  with 
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ammonic  bisulphite,  employing  bichromate  as  the  standard 
oxidising  solution. 

The  following  is  the  method  of  making  a  determination : — 
Weigh  out  about  1  •  5  grams  of  the  finely  powdered  ore,  and 
dry  in  the  water-oven  at  212°F. ;  the  loss  is  the  amount  of 
water  loosely  combined.  The  residue  is  then  gently  ignited  ; 
the  loss  on  ignition  is  the  combined  water  and  organic 
matter,  peat,  etc.  The  ore  is  then  digested  with  moderately 
strong  hydrochloric  acid  for  some  time  until  all  the  iron  is 
extracted ;  the  solution  is  then  diluted  and  filtered,  and,  to  the 
filtrate,  ammonia  is  added  until  a  faint  precipitate  of  ferric 
oxide  appears.  This  is  redissolved  with  a  few  drops  of  HC1 
and  some  strong  solution  of  bisulphite  of  ammonia,  added  in 
the  proportion  of  about  1  c.c.  for  0-1  gram  of  ore,  or  0  •  05 
gram  Fe.  The  mixture  is  well  stirred,  boiling  water  added, 
then  acidified  with  dilute  sulphuric  acid,  and  boiled  for  half 
an  hour ;  it  is  then  ready  for  titrating. 

Of  course,  when  reduced  to  the  ferrous  state,  the  solution 
must  be  preserved  out  of  contact  with  the  air  by  the, 
employment  of  the  flask,  Fig.  35. 

As  an  example,  1*5  grams  of  bog  ore  were  weighed  out, 
dried,  ignited,  dissolved,  and  reduced  as  described.  The 

solution  then  required  67  c.c.  -—  bichromate  solution  (63), 

which  multiplied  by  0-0056  =  0-3752  gram  Fe  =  0*536; 
Fe203  =  35-7  per  cent.  =  39-7  per  cent.  Fe2O3,H20. 

The  following  explains  a  modification  of  this  method 
more  in  detail : — 

Weigh  out  2  grams  of  the  sample  and  ascertain  the  free 
and  combined  moisture  as  described  under  the  gravimetric 
estimation  of  bog  ore.  This  is  then  transferred  to  a  beaker, 
and  digested  with  fairly  strong  HC1  until  all  the  iron  has 
been  extracted,  shown  by  testing  a  drop  of  the  solution  with 
a  solution  of  potassium  sulphocyanide,  when  there  should  be 
an  absence  of  a  red  colour.  After  the  iron  has  been  extracted 
distilled  water  is  added  and  the  contents  of  the  beaker  are 

filtered,  the  filtrate  and  washings  being  made  up  to  a  definite 
t 
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quantity.  The  iron  is  now  in  the  ferric  condition,  and  the 
next  operation  is  to  reduce  it  to  the  ferrous  state  by  placing 
a  known  amount  of  the  filtrate  and  washings  in  a  flask  and 
adding  two  or  three  pieces  of  zinc  free  from  iron.  The  neck 
of  the  flask  is  provided  with  an  indiarubber  cork,  having  one 
hole,  into  which  is  placed  a  piece  of  glass  tubing  having  a 
short  piece  of  thin  indiarubber  tubing  slipped  over  it.  The 
outer  end  of  the  rubber  tube  is  plugged  with  a  piece  of  glass 
rod,  and  a  slit  is  made  in  the  rubber  tube  for  the  purpose  of 
forming  a  vent  for  air,  while  at  the  same  time  it  prevents 
access  of  air  to  the  solution  in  the  flask  which  should  be 
treated  without  access  of  air.  The  solution  is  gently  heated 
until  the  excess  of  zinc  is  dissolved  and  complete  reduction 
has  been  effected,  shown  by  the  colour  changing  from  yellow 
to  pale  green.  To  ascertain  if  the  reduction  is  complete,  a 
drop  of  the  solution  is  placed  upon  a  white  tile,  and  a  drop 
of  a  freshly  prepared  solution  of  potassium  ferricyanide  is 
added.  If  the  reduction  is  complete  this  should  yield  a  blue 
colour,  but  if  incomplete  a  brown  tint  will  result.  The 
solution  is  then  cooled  out  of  access  of  air,  and  titrated  with 
a  normal  solution  of  potassium  bichromate,  using  potassium 
ferricyanide  as  the  indicator.  Oxidation  is  shown  to  be 
complete  by  a  drop  of  the  solution  producing  a  brown  colour 
with  a  drop  of  the  ferricyanide  solution.  As  an  example, 
supposing  two  grams  of  the  bog  ore  were  weighed  out 
before  drying,  and  the  resulting  solution  made  up  to  500  c.c. 
before  titration.  Suppose  half  this  amount  was  titrated,  and 

N 
required  45  c.c.  of  —  potassium  bichrcmate  to  neutralise  it, 

the  calculation  would  be  as  follows:— 

1  c.c.  of  —  potassium  bichromate  =  O'OOoG  Fe, 

._•.      45  c.c.  X  0*0056  X  2  =  0-504  gram  Fe. 

312         7 
The  proportion  of  Fe2  in  Fe203  is   — -  or  —. 
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Consequently  the  amount  of  Fe2O3  =  0  •  504  gram  X  — 

=  0*720  gram.     The  original  quantity  of  moist  oxide  was 
2  grams,  so  to  get  the  percentage 

As  2:  100::  0-720:  x  =  36. 

VIII.     ANALYSIS  OF  SPENT  OXIDE  OP  IRON. 

Method  of  Determining  the  Amount  of  Sulphur  in  Spent  Oxide 
of  Iron. 

128.  This  method  is  based  on  the  fact  that  free  sulphur 
is  dissolved  by  bisulphide  of  carbon,  and  on  evaporating  off 
the  bisulphide,  the  sulphur  is  left  behind  in  the  solid  form, 
in  which  state  it  may  be  weighed. 

The  apparatus  employed  was  originally  designed  by  the 
late  Mr.  A.  Stephenson,  of  the  Gas  Purification  Co.,  and  is 
shown  in  Fig.  47. 

Weigh  100  grains  of  spent  oxide,  dry  at  212°  F.  in  the 
water-oven,  and  weigh  at  intervals  until  a  constant  weight  is 
obtained,  which  will  give  the  amount  of  moisture.  PJace  the 
dried  material  in  the  drawn  out  test-tube  A,  on  a  layer  of 
about  2  inches  of  cotton  wool.  It  is  necessary  to  exercise  a 
little  care  in  placing  the  cotton  wool  in  the  test-tube ;  if 
rammed  too  tightly  it  will  prevent  the  solution  of  sulphur 
filtering  through ;  if  too  loosely,  it  will  permit  some  of  the 
oxide  to  pass.  Bisulphide  of  carbon  is  blown  from  the 
bottle  B  into  the  test-tube  A  on  top  of  the  spent  oxide. 
The  CS2  gradually  percolates  through  the  material,  dissolving 
out  the  sulphur  in  its  course,  the  solution  finding  its  way  by 
gravitation  into  the  small  flask  C  (previously  weighed  when 
clean  and  dry),  which  is  placed  in  a  copper  water-bath. 
The  Bunsen  burner  is  than  lighted,  and  the  application  of 
heat  soon  vaporises  the  bisulphide  of  carbon  from  the  flask  C. 
The  vapour  travels  through  the  connecting  tube  into  the  con- 
denser, and  is  recovered  in  the  receiver  D,  under  water,  ready 
for  further  use.  The  sulphur  remains  behind  in  the  flask  C. 
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The  oxide  is  treated  with  the  bisulphide  until  the  whole 
of  the  sulphur  is  dissolved  out ;  three  or  four  times  the  bulk 
of  the  oxide  is  about  the  proportion  of  CS2  necessary  to 
effect  this. 

When  all  the  sulphur  has  been  dissolved  out,  the  flask  C 
is  placed  in  the  water-oven  to  drive  off  the  last  remaining 
traces  of  CS2,  and  weighed  at  intervals,  until  the  weight  is 
constant.  The  weight  of  the  flask  and  sulphur,  minus  the 
weight  of  the  empty  flask,  will  give  the  weight  of  sulphur,  and 
this  will  be  the  percentage  amount  on  the  "  wet "  sample. 


FIG.  47. 

It  is  necessary  to  remember  that  CS2  is  very  inflammable 
and  in  the  gaseous  state,  when  mixed  with  air  in  certain  pro- 
portions, is  explosive.  The  bisulphide  in  the  holder  should 
be  covered  with  water. 

The  amount  of  free  sulphur  in  spent  Weldon  Mud  and 
lime  may  also  be  determined  by  the  above  method. 

It  is  sometimes  found,  in  the  cases  of  oxides  which  have 
been  used  for  purifying  carburetted  water  gas,  that  heavy 
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hydrocarbons  are  present,  which  would  be  dissolved  by  the 
carbon  bisulphide  and  be  mixed  with  the  sulphur  residue  and 
weighed  as  free  sulphur;  it  is  therefore  necessary  in  such 
cases  to  adopt  a  different  method  of  procedure  to  the  one  just 
described.  A  satisfactory  method  of  dealing  with  such  a 
case  is  that  devised  by  Mr.  Leicester  Greville,  in  which  250 
grains  of  the  spent  oxide  are  first  dried  at  212°  F.,  and  after 
drying  placed  upon  a  filter  paper  and  well  washed  with  hot 
distilled  water  to  dissolve  out  sulphocyanides  and  sulphates. 
The  filter  and  its  contents  are  then  transferred  to  a  flask  and 
digested  for  about  half  an  hour  with  a  strong  solution  of 
caustic  soda.  This  solution  is  then  decanted  into  a  500  c.c. 
flask,  the  residue  in  the  first  flask  being  washed  with  hot 
distilled  water  until  the  contents  of  the  second  flask  are 
made  up  to  500  c.c.  After  filtration  50  c.c.  are  taken  for 
analysis,  representing  a  tenth  part  of  the  sample,  or  25  grains. 
This  is  next  diluted  with  distilled  water  and  an  excess  of 
potassium  permanganate  added,  shown  by  the  solution  having 
a  decided  pink  colour.  To  this  solution  hydrochloric  acid  is 
added,  which  will  cause  chlorine  to  be  given  otf,  and  then 
oxalic  acid  is  added  until  the  precipitated  manganese  dioxide 
is  entirely  dissolved.  The  solution  is  then  boiled,  and  barium 
chloride  added ;  which  will  throw  down  the  usual  precipitate 
of  barium  sulphate,  which  is  filtered,  washed  and  weighed. 
The  amount  of  sulphur  can  then  be  easily  calculated,  accord- 
ing to  the  examples  previously  given. 

Estimation  of  Sulphocyanides  in  Spent  Oxide. 

129.  50  grams  of  the  spent  oxide,  after  freeing  from 
sulphur,  are  extracted  with  warm  water,  and  the  solution 
partly  evaporated  on  a  water-bath,  acidified  with  sulphurous 
acid,  and  precipitated  with  an  excess  of  copper  sulphate 
solution.  The  white  precipitate  is  collected  on  a  weighed 
filter,  dried  and  weighed.  121*5  grams  of  copper  salt  corre- 
spond to  76  grams  of  ammonium  sulphocyanide.  If  no 
chloride,  cyanide,  or  ferrocyanide  is  present  this  estimation 
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may  be  expeditiously  made  with  decinormal  silver  solution. 
10  c.c.  of  this  are  taken  and  mixed  with  a  few  drops  of  nitric 
acid  and  ferrous  ammonium  sulphate  solution,  and  titrated 
with  the  solution  of  sulphocyanide  diluted  to  a  known 
volume,  till  a  red  coloration  is  produced.  Suppose  that  the 
aqueous  extract  of  50  grams  spent  oxide  has  been  diluted 
to  500  c.c.,  and  that  20  c.c.  of  the  solution  are  required  for 
the  titration  of  10  c.c.  decinormal  silver  solution,  then  the 
whole  liquid  contains  10x0-0076x600  =  ,.„  gram8>  an(J 

the  spent  oxide  consequently  contains  2  x  1*9  =  3*8  per  cent, 
of  ammonium  sulphocyanide. 

130.  Estimation  of  ferrocyanides  in  spent  oxide. 

The  residue  from  the  extraction  of  the  sulphocyanide, 
corresponding  to  50  grams  spent  oxide,  is  warmed  for  some 
time  with  an  excess  of  caustic  soda.  There  should  not  be 
too  great  an  excess,  and  the  whole  should  be  well  stirred. 
The  mixture  is  then  filtered,  the  residue  washed  with  hot 
water,  and  the  filtrate  boiled  with  pure  ammonium  chloride  or 
sulphate  solution  until  no  further  smell  of  ammonia  is  per- 
ceptible. In  this  manner  the  A1203  dissolved  by  the  NaHO 
is  precipitated. 

Its  elimination  is  necessary,  as  it  is  precipitated,  together 
with  Prussian  blue,  even  in  slightly  acid  solutions ;  more- 
over, by  its  precipitation,  dark  tarry  matters  are  likewise 
carried  down,  and  the  solution  is  thus  partially  clarified. 
After  filtering  off  the  A1203,  the  solution  is  made  slightly 
acid  with  HC1,  heated  to  boiling,  and  poured  into  a  hot 
dilute  solution  of  ferric  chloride.  The  Prussian  blue  thus 
precipitated  is  allowed  to  settle,  the  dark  red  liquid  poured 
off,  and  the  precipitate  well  washed  by  decantation. 

It  is  then  poured  on  to  a  filter,  and  washed  with  hot  water 
until  the  filtrate  is  free  from  iron,  dried  and  ignited  in  a 
platinum  crucible  to  which  the  air  has  access.  It  is  thus 
converted  into  ferric  oxide,  which  is  weighed,  and  the 
quantity  of  ferrocyanide  calculated  from  the  weight  found. 
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560  parts  of  ferric    oxide  correspond   to   636   parts   ferro- 
cyanogen  (Fe  (CN)6)  and  to  860  parts  of  Prussian  blue. 

Dr.  Arnold,  in  his  *  Ammonia  and  Ammonium  Com- 
pounds,' describes  a  volumetric  process  which  he  is  in  the 
habit  of  using. 

42 '2  grams  of  pure  dry  potassium  ferrocyanide  (K4Fe 
(CN)6  +  3H20  =  422)  are  dissolved  in  water  and  the  solu- 
tion diluted  to  one  litre.  A  dilute,  slightly  acid,  ferric 
chloride  solution  is  placed  in  a  burette  and  10  c.c.  of  the 
ferrocyanide  solution  titrated  with  it.  So  long  as  an  excess 
of  ferrocyanide  remains  in  solution,  no  Prussian  blue  is 
precipitated.  If  a  drop  of  the  dark  blue  liquid  be  placed 
on  filter-paper,  it  spreads  out  to  a  uniform  blue  spot.  As 
soon,  however,  as  all  ferrocyanide  is  converted  into  Prussian 
blue,  the  spots  do  not  spread  uniformly,  but  give  a  blue 
patch,  in  which  the  particles  of  precipitated  Prussian  blue 
are  easily  seen.  The  end  of  the  titration  may  be  accurately 
detected  by  employing  filter-paper  previously  soaked  in 
a  solution  of  ammonium  sulpho-cyanide.  The  slightest 
excess  of  iron  is  then  recognised  by  the  fact  that  the  blue 
particles  no  longer  appear  on  a  white,  but  on  a  yellow  or  red 
ground. 

The  strength  of  the  iron  solution  having  thus  been  ascer- 
tained, it  is  diluted  to  correspond  with  the  ferrocyanide 
solution,  and  again  compared  with  the  latter  in  the  manner 
above  described.  With  this  iron  solution,  all  liquids  contain- 
ing ferrocyanides  can  be  titrated  with  fairly  accurate  results. 
The  liquids  must,  however,  be  neutral  and  free  from  alumina. 
Let  it  be  supposed  that  20  c.c.  of  the  neutralised  caustic  sod  a 
extract  (diluted  previously  to  500  c.c,)  require  30  c.c.  of  ferric 
chloride  solution,  then  as  1000  c.c.  ferric  chloride  solution 
corresponds  to  21-2  ferrocyanogen  (Fe(CN)6)  the  whole 

21-2X10 
extract  contains        1000  =5*3  grams  -  2  X  5' 3 

20 
=  10*6  per  cent,  of  ferrocyanogen. 

o  2 
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IX.  ANALYSIS  OF  FIRE-CLAY  AND  FIRE-BRICKS. 

131.  Fire-clay  is  the  name  given  to  any  clay  which  is 
capable  of  standing  a  high  temperature  without  melting ; 
such  clays  are  said  to  be  refractory. 

A  refractory  fire-clay  will  contain  nearly  pure  hydrate d 
silicate  of  alumina. 

The  more  alumina  that  there  is  in  proportion  to  the  silica, 
the  more  infusible  will  be  the  clay.  The  composition  of  dif- 
ferent fire-clays  necessarily  varies  however.  They  contain 

From  59  to  96  per  cent,  silica  (SiO2) 
„      2    „   36        „        alumina  (A12O8) 
„      2    „     5        „        oxide  of  iron  (Fe208), 

and  a  very  small  percentage  of  lime,  magnesia,  potash  and 
soda. 

The  fire-resisting  properties  of  the  clay  depend  chiefly 
upon  the  relative  proportions  of  these  constituents.  If  the 
oxide  of  iron  or  alkalies  are  present  in  large  proportions, 
they  act  as  a  flux,  and  cause  fusion,  the  clay  is  then  no  longer 
refractory. 

The  following  is  the  method  of  analysis.  A  quantity 
of  the  substance  (fire-clay  or  brick)  is  reduced  to  an  impalp- 
able powder  in  an  agate  mortar  and  placed  in  a  stoppered 
weighing  tube. 

About  2  grams  of  the  sample  are  dried  in  a  platinum 
crucible  or  platinum  dish  at  a  temperature  of  100°  C.  until 
the  weight  is  constant ;  the  loss  in  weight  gives  the  moisture. 
In  the  case  of  clay  it  is  then  ignited,  at  first  gently,  and 
afterwards  strongly,  and  for  a  tolerably  long  time ;  the  loss 
in  weight  corresponds  with  the  combined  water,  together 
with  the  organic  and  volatile  constituents  of  the  clay  if  such 
are  present. 

1  •  5  grams  of  the  powdered  sample  are  then  weighed 
accurately  out  into  a  platinum  crucible  and  about  four  times 
its  weight  of  a  fusion  mixture  added,  consisting  of  sodium 
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and  potassium  carbonates  mixed  in  molecular  proportions. 
The  whole  is  intimately  mixed  by  means  of  a  smooth  rounded 
glass  rod.  It  will  be  found  convenient  to  add  the  fusion 
mixture. by  small  portions  at  a  time,  since  in  this  way  a 
more  thorough  mixture  is  obtained.  The  mixture  should 
only  half  fill  the  crucible. 

The  lid  is  then  placed  on  the  crucible,  and  the  latter 
gently  heated  over  the  Bunsen  flame ;  the  temperature  is 
gradually  increased,  care  being  taken  that  no  loss  ensues  by 
the  frothing  due  to  the  evolution  of  C02.  When  the  mass 
is  fused,  the  crucible  is  transferred  to  the  blow -pipe  flame, 
and  the  whole  is  kept  at  a  bright  red  heat  until  effervescence 
ceases  and  the  fused  mass  becomes  tranquil.  The  flame  is 
then  removed,  and  the  crucible  is  allowed  to  cool  just  below 
redness,  when  it  is  placed  on  a  cold  surface,  such  as  a  clean 
block  of  iron,  so  as  to  assist  it  to  cool  rapidly.  When  cold, 
the  crucible  and  its  con  tents  are  placed  in  a  deep  evaporating 
dish  or  in  a  shallow  beaker;  this  is  covered  with  a  clock- 
glass,  and  tolerably  strong  hydrochloric  acid  added  to  the 
contents,  which  should  be  gently  agitated  after  each  addition 
of  the  acid,  and  kept  covered  during  the  operation.  When 
effervescence  has  ceased,  and  the  crucible  is  free  from  all 
adherent  solid,  remove  the  crucible  by  means  of  the  crucible 
tongs,  carefully  rinsing  off  any  adhering  liquid  by  means  of  the 
jet  from  the  wash-bottle,  into  the  main  portion  of  the  liquid. 
On  treating  the  fused  mass  with  HC1  as  above  described,  most 
of  the  Si02  will  separate  out  as  a  gelatinous  mass. 

If  any  gritty  particles  are  felt,  on  stirring  the  bottom  of 
the  vessel  with  a  glass  rod,  the  fusion  is  imperfect.  This 
is  generally  due  to  the  original  substance  not  having  been 
powdered  sufficiently  finely.  In  this  event,  it  is  usually  more 
satisfactory  to  make  a  fresh  fusion,  taking  care  that  no 
coarse  particles  are  present  in  the  portion  of  the  sample  for 
the  fresh  fusion. 

(a)  Estimation  of  tlie  Silica. — The  liquid  containing  the 
gelatinous  silica  is  then  transferred  (if  necessary)  to  an 
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evaporating  basin,  preferably  of  platinum,  and  evaporated  to 
dryness  upon  a  water-bath.  When  the  contents  of  the  basin 
become  pasty,  they  should  be  continually  stirred  with  a 
rounded  glass  rod  to  prevent  the  formation  of  lumps.  When 
all  the  liquid  has  been  driven  off,  the  contents  of  the  dish 
should  be  in  the  state  of  a  fine  powder.  In  order  to  expel 
the  last  trace  of  HC1,  the  dish  should  now  be  placed  upon  a 
sand-bath,  and  heated  with  a  small  Bunsen  flame  until  no 
moisture  is  deposited  on  a  cold  clock-glass  when  placed  upon 
the  dish  for  a  few  seconds.  The  dish  is  then  allowed  to  cool, 
and  its  contents  are  moistened  with  strong  HC1.  It  is  then 
heated  on  a  water-bath  for  about  half  an  hour,  a  small 
quantity  of  hydrochloric  acid  being  occasionally  added  with 
stirring.  Hot  distilled  water  is  now  added,  and  the  silica  is 
filtered  off  and  is  washed  free  from  dissolved  chlorides.  The 
precipitate  is  ignited  apart  from  the  filter  (196),  the  precipi- 
tate being  transferred  to  the  platinum  crucible  cautiously, 
since  it  consists  of  a  very  light  powder,  which  is  easily 
blown  away.  The  lid  is  placed  on  the  crucible,  and  the 
latter  heated,  exceedingly  gently  at  first,  and  the  tempera- 
ture raised  very  gradually,  or  the  escaping  steam  will  carry 
some  of  the  fine  light  powder  away  with  it.  The  crucible  is 
finally  raised  to  a  full  red  heat  over  the  Bunsen  flame. 

(1)  Estimation  of  A1203  and  Fe203.— The  filtrate  from  the 
Si02  is  mixed  with  NH4C1  solution  and  then  with  NH3  in 
slight  excess,  the  hydrates  of  iron  and  aluminium,  of  which 
the  precipitate  consists,  being  separated  as  under. 

The  precipitate  is  washed,  and  dissolved  upon  the  filter 
in  hot  dilute  hydrochloric  acid,  and  the  solution  allowed  to 
flow  into  a  nickel  or  porcelain  dish  containing  about  50  c.c. 
of  pure  strong  KHO  solution.  Wash  out  the  acid  which 
remains  adhering  to  the  filter-paper  with  a  small  quantity 
of  distilled  water,  and  allow  these  washings  to  also  run  into 
the  dish,  and  boil  the  contents  of  the  latter  for  a  few 
minutes.  The  iron  will  be  precipitated  as  ferric  hydrate, 
while  the  hydrate  of  aluminium  will  remain  in  solution. 
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The  iron  precipitate  is  filtered  off,  it  is  then  again  dis- 
solved in  HC1,  and  reprecipitated  by  ammonium  hydrate,  in 
order  to  free  the  ferric  hydrate  from  potash.  It  is  then 
washed  and  ignited  apart  from  the  filter,  at  a  red  heat,  and 
weighed  as  Fe203.  The  solution  of  the  aluminium  hydrate 
in  the  potassium  hydrate  solution  is  treated  with  a  slight 
excess  of  strong  hydrochloric  acid,  and  then  with  a  very  slight 
excess  of  ammonium  hydrate.  It  is  then  filtered  off,  washed, 
dried,  ignited,  and  weighed  as  A1203. 

Another  method  of  separation  is,  after  weighing  the 
mixed  hydrates  of  Fe  and  Al,  to  dissolve  them  in  KHS04  and 
about  5  c.c.  H2S04,  add  about  1  gram  hyposulphite  of  soda, 
boil,  and  titrate  the  solution  with  -j-J^  normal  bichromate  of 
potash ;  this  will  give  the  amount  of  iron. 

(c)  Estimation  of  the  Calcium. — If  the  volume  of  the  filtrate 
from  the  iron  and  alumina  precipitate  is  very  large,  evaporate 
it  down  to  a  convenient  bulk,  add  a  little  ammonium  hydrate 
if  not  already  alkaline,  and  then  a  slight  excess  of  ammonium 
oxalate.     Allow  the  liquid  to  stand,  filter  off,  ignite,  and 
weigh  the  precipitate  as  oxide  (28). 

(d)  Estimation  of  the  Magnesium. — Evaporate  the  filtrate 
and  washings  from  the  calcium  oxalate  precipitate  to  dryness, 
ignite  the  residue,  and  treat  it  with  a  little  strong  HC1,  add 
water  and  filter,  if  necessary.     To  the  clear  solution  add 
ammonium  hydrate  in  moderate  excess,  and  then  an  excess 
of  sodium  hydrogen  phosphate  solution.     Allow  the  liquid 
to  stand  for  a  few  hours,  or  shake  it  vigorously  in  a  stoppered 
bottle,  filter   off,    wash  the   precipitate  with    dilute  ammo- 
nium hydrate  solution,  then  ignite  it,  and  weigh  the  Mg  as 
Mg2  P207. 

(e)  Estimation  of  the  Alkali  Metals. — Since  sodium   and 
potassium  carbonates  have  been  employed  in  the  fusion,  the 
alkali  metals  cannot  be  estimated  in  the  filtrate  from  the 
magnesium.     A  separate  portion  of  the  substance  is  accord- 
ingly used  for  their  determination. 

Lawrence  Smith's  method  for  the  determination  of  the 
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alkali  metals  will  be  found  the  most  convenient.  The 
following  is  the  mode  of  procedure. 

Weigh  out  accurately  about  1-5  grams  of  the  finely 
powdered  substance  into  a  platinum  crucible,  intimately 
mix  this  with  a  mixture  of  1  *5  grams  of  pure  recrystallised 
ammonium  chloride,  and  9  grams  of  pure  calcium  carbonate. 
Then  heat  the  crucible  to  bright  redness  for  an  hour  over  a 
good  Bunsen  or  blow-pipe  flame-,  or  preferably  as  follows. 

Place  the  platinum  crucible  in  a  clay  crucible  containing 
a  little  calcined  magnesia  or  lime  at  the  bottom  and  round 
the  sides,  and  heat  the  clay  crucible  in  a  gas  furnace,  which 
is  capable  of  maintaining  it  at  a  bright  red  heat.  When  the 
crucible  has  been  heated  for  an  hour,  allow  it  to  cool,  and 
place  the  platinum  crucible  and  its  contents  in  hot  water  in 
a  covered  platinum  or  porcelain  dish,  and  boil  for  a  time. 

This  procedure  will  dissolve  out  the  alkaline  chlorides 
together  with  some  calcium  hydrate.  Filter  and  mix  the 
filtrate  with  ammonium  hydrate  and  ammonium  carbonate 
solutions  in  excess,  and  with  a  few  drops  of  ammonium 
oxalate  solution.  Allow-  the  liquid  to  stand,  filter  into  a 
platinum  or  porcelain  dish,  evaporate  the  filtrate  to  dry- 
ness,  and  heat  the  residue  just  below  redness,  but  sufficiently 
strongly  to  drive  off  the  ammoniacal  compounds. 

Dissolve  the  residue  in  water;  add  a  few  drops  of  AmHO 
and  of  ammonium  oxalate  solution  to  precipitate  any  trace  of 
calcium  still  in  solution  ;  filter,  and  evaporate  the  filtrate  to 
redness,  with  a  few  drops  of  HC1,  in  a  weighed  dish.  Gently 
ignite  the  residue  and  weigh,  repeating  the  ignition  until  the 
weight  is  constant.  The  weight  of  the  residue  thus  obtained 
gives  the  combined  weight  of  the  potassium  and  sodium 
chlorides. 

The  residue  is  then  dissolved  in  water  and  the  potassium 
chloride  is  precipitated  by  platinic  chloride  in  the  following 
manner.  To  the  solution  of  the  residue  a  few  drops  of  HC1 
are  added,  then  an  excess  of  platinic  chloride  solution,  the 
liquid  being  afterwards  evaporated  on  the  water-bath  until  a 
serai-solid  crystalline  mass  is  obtained. 
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The  platinic  chloride  is  seen  to  be  in  excess  by  the  super- 
natant liquid  being  of  an  orange  colour,  after  the  liquid  has 
been  concentrated  to  a  small  bulk. 

When  it  is  certain  that  there  is  an  excess  of  platinic 
chloride,  we  may  then  proceed  according  td  a  or  b  as  below. 

(a)  Pour  alcohol  upon  the  mass  ;  gently  shake  the  liquid 
round  in  the  dish  so  as  to  mix  the  contents  of  the  same  well 
together,  allow  the  precipitate  to  settle  completely  and  pour 
off  the  liquid  through  a  tared  filter.  Kepeat  these  operations 
twice,  and  finally  transfer  the  undissolved  double  salt  to  the 
filter  by  means  of  a  small  wash-bottle  filled  with  alcohol. 
Continue  washing  the  precipitate  upon  the  filter  with  alcohol 
until  the  washings  are  no  longer  coloured.  Dry  the  filter 
and  its  contents  at  100°  C.,  and  weigh  as  2KClPtCl4. 

(6)  A  rather  quicker  method  of  treating  the  precipitated 
double  salt  is  to  wash  it  with  alcohol  by  decantation  until 
the  alcohol  is  no  longer  coloured,  the  alcohol  being  decantated 
through  an  un tared  filter-paper.  Care  must  be  taken  that 
as  little  as  possible  of  the  precipitate  is  poured  off  with  the 
alcohol.  The  double  salt,  freed  from  the  excess  of  PtCl4  is 
now  washed  into  a  platinum  crucible,  dried  at  100°  C.  and 
weighed.  The  filter,  which  will  contain  a  little  of  the  double 
salt,  is  then  incinerated,  and  the  ash  is  dropped  into  the 
crucible  and  weighed.  By  deducting  from  this  weight  the 
weight  of  the  filter  ash,  the  approximate  weight  of  platinum 
left  by  ignition  is  found  ;  this  is  calculated  into  double  salt 
and  the  weight  is  added  to  that  of  the  double  salt  already 
found  in  the  crucible.  If  the  quantity  of  precipitate  left  on 
the  filter  is  appreciable,  the  weight  of  KC1  left  in  the  filter 
ash,  not  being  allowed  for,  will  introduce  an  error.  The  filter 
in  this  case  should  be  ignited  in  a  separate  crucible,  the  KC1 
washed  out  from  the  ash  by  hot  water,  and  the  dried  residue 
weighed.  The  true  weight  of  the  platinum  in  the  ash 
is  thus  ascertained,  and  is  made  use  of  as  mentioned  above. 

The  weight  of  the  sodium  chloride  in  the  mixed  chlorides 
of  potassium  and  sodium  is  then  ascertained  by  difference. 
The  chlorides  are  finally  calculated  into  oxides. 
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X.  ASSAY  OF  COAL  TAR. 

132.  The  assay  of  coal  tar  is  usually  limited  to  a  labora- 
tory operation,  in  which  the  various  fractions  are  collected 
as  nearly  as  possible  under  the  same  conditions  as  pertain  to 
the  large  scale,  though  the  details  will  necessarily  vary  with 
circumstances.  With  practice,  good  results  are  obtained 
with  as  small  a  quantity  as  10  oz.  of  the  tar,  the  yield 
corresponding  closely  with  those  given  on  a  large  scale  ;  but 
the  chief  value  of  such  laboratory  operations  is  for  comparing 
different  samples  of  tar. 

The  following  is  the  method  of  making  the  assay  : — 250 
G.C.,  or  10  oz.,  measure  of  the  tar  to  be  examined  should  be 
placed  in  a  glass  retort,  of  such  a  capacity  that  the  tar  only 
fills  about  one-third  of  it,  the  object  of  this  being  to  prevent 
the  distillate  being  spoilt  in  the  event  of  there  being  much 
frothing  during  the  distillation.  The  retort  may  be  con- 
veniently supported  on  a  cup-shaped  piece  of  wire  gauze, 
placed  in  an  aperture  in  a  sheet-iron  plate.  Over  the  retort 
a  dome  is  placed :  this  may  be  made  by  removing  the  bottom 
from  a  tin  can  or  bottle,  and  cutting  out  a  piece  of  the  side 
to  allow  the  neck  of  the  retort  to  pass  through.  The  object 
of  this  contrivance  is  to  confine  the  heat,  and  prevent  the 
distillate  or  heavy  vapour  from  falling  back :  without  some 
arrangement  of  this  kind,  a  satisfactory  assay  of  coal  tar  in  a 
glass  vessel  is  nearly  impossible. 

The  products  obtained  by  the  distillation  are  :  (1) 
amnioniacal  liquor ;  (2)  total  light  oils ;  (3)  creosote  oil ;  (4) 
anthracene  oils ;  and  (5)  pitch. 

In  obtaining  the  above  fractions  the  character  of  the 
distillate  is  quite  sufficient  to  indicate  the  point  at  which  the 
receiver  should  be  changed. 

It  is  not  necessary  to  insert  a  thermometer,  nor  to  connect 
the  retort  to  any  condensing  arrangement. 

The  lamp  being  lighted  underneath  the  retort  (a  powerful 
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Bunsen  should  be  used,  as  towards  the  close  of  the  experiment 
it  is  necessary  to  maintain  the  wire  gauze  at  a  red  heat),  the 
ammoniacal  liquor  and  naphtha  should  be  collected  together 
in  a  graduated  cylinder,  which  should  be  changed  when  a 
drop  of  the  distillate  collected  in  a  test-tube  of  water  begins 
to  sink.  In  this  fraction  the  ammoniacal  liquor  and  the 
total  "  light  oils  "  will  be  found :  the  expression  "  light  oils  " 
means  oils  lighter  than  water.  After  standing  for  some  time 
to  allow  perfect  separation  of  the  ammoniacal  liquor  and  light 
oils,  the  volume  of  each  should  be  observed,  and,  if  deemed 
necessary,  the  strength  of  the  liquor  ascertained  in  the  usual 
way  by  distillation  with  caustic  soda,  and  titration  of  the 
distillate.  The  quantity  of  light  oils  obtainable  will  not  be 
sufficient  to  allow  of  any  further  fractionation  for  benzols,  &c. 

The  next  fraction  of  the  distillate  will  consist  of  creosote 
oil.  At  the  commencement  it  will  contain  much  naphthalene, 
and  will  very  probably  solidify  in  white  crystals  on  cooling ; 
but  later  on  a  more  fluid  distillate  will  be  obtained.  At  a 
still  later  stage,  a  drop  of  the  distillate  collected  on  a  cold 
steel  spatula  will  be  found  to  deposit  amorphous  solid  matter, 
of  a  yellow,  or  greenish-yellow  colour.  When  this  action 
takes  place,  the  receiver  should  again  be  changed,  and  the 
fraction  obtained  measured.  If  required,  this  fraction,  which 
is  called  "carbolic  and  creosote  oils,"  may  be  assayed  for 
carbolic  acid  and  naphthalene. 

With  modern  London  tars  it  is  generally  found  that 
this  fraction  is  semi-solid ;  it  will  therefore  be  necessary  to 
measure  it  while  quite  warm. 

The  next  fraction  of  the  distillate  will  be  found  rich  in 
anthracene,  and  very  often  condenses  in  the  neck  of  the 
retort  as  a  yellow,  waxy  substance,  which  may,  however,  be 
melted  out  by  the  local  application  of  a  small  Bunsen  flame. 
The  collection  of  the  anthracene  oil  is  known  to  be  complete 
when  no  more  distillate  can  be  obtained,  and  the  pitch 
remaining  in  the  retort  intumesces  and  gives  off  heavy, 
yellow  fumes. 
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The  distilled  fraction  containing  the  anthracene  oil  should 
then  be  measured  and  cooled  thoroughly,  and  the  resultant 
pasty  mass  pressed  between  folds  of  blotting  paper,  weighed, 
and  assayed  for  real  anthracene  by,  the  anthraquinone  test. 
The  result  should  be  calculated  into  crude  anthracene  of 
30  per  cent.,  a  standard  which  is  generally  adopted  by 
manufacturers. 

When  the  distillation  for  anthracene  oil  is  complete,  the 
retort  should  be  allowed  to  cool,  and  when  almost  cold,  the 
body  of  it  should  be  immersed  in  cold  water.  This  opera- 
tion produces  a  rapid  surface-cooling  and  shrinking  of  the 
pitch  from  the  glass,  which  may  then  be  broken  away  and 
removed  by  gentle  tapping,  leaving  the  cake  of  pitch  clean, 
and  in  a  fit  state  for  weighing. 

The  following  figures  by  the  late  B.  Nickels,  F.I.C.,  show 
the  result  obtained  by  the  assay  of  four  representative  samples 
of  London  tar.  The  apparent  excess  is  due  to  the  fact  that 
the  samples  of  tar  experimented  on  were  measured  into  the 
retort,  while  the  resultant  pitch  was  weighed  :-— 

A.  B.  c.  ix 

Ammoniacal  liquor        ..         2'5  3'7  8*0  5'0 

Total  light  oils         ..      ..         2-5  3-4  0-5  3-2 

Carbolic  and  creosote  oils        21 '3  17 '0  23-0  20-0 

Solid.  Solid.  Solid,  Solid. 

Anthracene  oils        ..      ..       17'0          17'0          13'0          13-0 

Semi-solid.    Semi-solid.    Semi-solid.    Semi-solid. 
Pitch  (grams  per  100  c.c.)      59 '4          60 -0          58-0          62 '0 

102  7        101 '2        102 '5        103-2 

Pressed  anthracene..      ..         4'0  ..  1'5 

Containing  real  anthra-     \         13.4percent.  25-68  per  cent. 

oene 
=  30  per  cent,  crude  an-  \    ,.fi  Itd7          -.»«  1.19 

thraSueiatar  / 

The  following  table  shows  the  mean  composition  of  the 
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foregoing  samples  in  juxtaposition  with  the  general  yield  of 
English  country  tar : — 

London.  Country. 

Ammoniacal  water 4- 5  per  cent.  4  per  cent. 

Total  light  oils       2'4    „      „  3   „      „ 

Carbolic  and  creosote  oils     ..       20-3    „      „  22    „       „ 

Anthracene  oils      15'0    „      „  4    „      ,, 

Pitch  (grams  per  100  c.c.)    ..       59 •&    „      „  67    „       „ 

102-1  100 

In  the  above  assay  the  total  light  oils  were  collected 
together,  but  in  practice,  on  the  large  scale,  the  distillate  is 
generally  divided  into  two  fractious,  which  are  known  as 
"  first  light  oils  "  and  "  second  light  oils."  When  they  are 
not  collected  separately,  the  fraction  is  known  as  "crude 
naphtha  "  or  "  light  oil." 

The  crude  naphtha  is  generally  re-distilled  without  any 
previous  chemical  treatment,  the  resultant  distillate  being 
known  as  "  once  run  naphtha  "  and  "  last  runnings." 

On  the  large  scale,  once  run  naphtha,  before  being  re- 
distilled, is  purified  by  treating  it  with  sulphuric  acid  of 
sp.  gr.  1-845.  By  this  means  the  hydrocarbons  of  the 
ethylene  and  crotonylene  series  are  removed,  as  well  as  some 
of  the  higher  homologues  of  benzene.  A  further  treatment 
with  caustic  soda  eliminates  phenols  and  other  bodies  having 
an  acid  character.  The  oil  is  afterwards  washed  with  water 
and  again  distilled. 

XL  FRACTIONAL  DISTILLATION. 
Rectification  of  Benzene. 

133.  It  is  often  possible  to  separate  almost  completely,  by 
a  simple  distillation,  two  liquids  occurring  together  in  a 
mixture,  when  their  boiling  points  lie  widely  apart.  The 
more  volatile  liquid  first  passes  over,  the  temperature  sud- 
denly rises,  and  the  higher-boiling  liquid  distils.  It  is 
otherwise  when  we  have  a  liquid  consisting  of  a  mixture  of 
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bodies  boiling  very  near  each,  other,  especially  in  the  case  of 
homologous  compounds  such  as  occur  in  petroleum  and  coal- 
tar  naphtha;  one  distillation  only  effects  a  very  imperfect 
separation;  a  portion  of  the  less  volatile  liquid  is  carried 
over  \)j  the  vapour  of  the  more  volatile  substance,  the 
temperature  rising  throughout  the  distillation.  In  order  to 
effect  separation  of  the  several  substances  in  a  case  of  this 
kind,  recourse  is  had  to  the  method  of  fractional  distillation. 
It  will  be  evident  that  if  the  vapours  arising  from  a  mixture 
of  boiling  liquids  are  somewhat  cooled  before  reaching  the 
condenser  proper,  the  less  volatile  portion,  carried  upwards  by 
the  vapour  of  the  more  volatile  liquid,  will  be  partially 
condensed.  If  this  is  permitted  to  flow  back  into  the  retort, 
only  the  lower  boiling  portion  passes  into  the  condenser,  and 
the  separation  is  consequently  more  rapid  and  effective. 

In  order  to  carry  out  this  partial  condensation  during  the 
process  of  distillation,  several  forms  of  apparatus  have  been 
devised. 

A  very  cheap  and  effective  apparatus  is  that  of  Hem  pel, 
which  consists  of  a  long  glass  tube  containing 
glass  beads,  or  pieces  of  broken  glass,  Fig.  48. 

Fig.  49  shows  the  apparatus  of  Le  Bel  and 
Henninger  for  the  same  purpose ;  this  form  of 
apparatus  has  side  tubes  down  which  the  con- 
densed  liquid    flows.     At    the   narrow   parts  of 
the  tube  a,  6,  c,  d,  are  fixed  small  cups  of  wire 
gauze.      Little  pools  of  condensed   liquid   form 
FIG  48        *n  *nese    CUPS»  and  this  liquid   may  be   said  to 
wash   the   vapour    passing   upwards;    in  fact,  a 
process  of  fractionating  is  carried  on  in  these  cups  by  the 
ascending  vapours. 

In  carrying  out  a  fractional  distillation,  the  apparatus  is 
arranged  as  in  Fig.  50. 

The  flask  is  heated  over  wire  gauze,  or,  in  the  case  of  a 
very  volatile  liquid,  in  a  water-bath. 

If.  wire  gauze  is  used,  the  burner  should .  be  placed  in  a 
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deep  tin  basin  containing  sand,  in  order  to  absorb  the  liquid 
in  the   event  of  the   flask   or  retort   cracking.     The  frac- 
tionating bulb  or  tube  is  fitted  with  a  thermo- 
meter, the  bulb  of  which  is  well  below  the 
exit  tube.     A  number  of  clean  dry   flasks  or 
bottles,  fitted  with  corks  and   having  labels 
attached,  are  required  for  recording  the  boiling 
point  of  the  fraction. 

We  will  show  the  method  of  applying  this 
principle  in  the  rectification  of  a  sample  of 
benzene. 

200  c.c.  of  the  sample  of  benzene  are  in- 
troduced into  an  8-oz.  flask ;  a  spiral  of  plati- 
num wire  or  two  or  three  pieces  of  broken  pipe 
stems  are  added,  in  order  that  the  liquid  may 
boil  without  bumping.  The  flask  is  connected 
to  the  condenser  by  means  of  the  fractionating 


FIG.  49. 


FIG.  50 


apparatus,  and  heat  so  applied  to  the  flask  that  the  dis 
tillate  comes  over  into  the  receiver  in  drops;  it  must 
not  be  allowed  to  come  over  in  a  continuous  stream.  The 
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indications  of  the  thermometer  must  be  carefully  watched 
and  noted,  and  the  distillate  between  every  five  degrees 
collected  in  separate  flasks. 

These  different  fractions  are  then  redistilled  in  order, 
adding  the  next  to  the  residue  of  the  previous  one  in  the 
distilling  flask.  The  portions  boiling  below  85°  C.  and 
above  105°  being  collected  between  every  two  or  three 
degrees.  The  fractions  below  85°  and  above  105°  are  re- 
distilled as  before  and  collected  between  every  two  degrees. 


A. 

7  1  -5-85°  C. 

B. 

85-90°. 

C. 

90-95°. 

D. 

95-100°. 

E. 

100-105°. 

F. 
105-110°. 

G. 

110-115°. 

Residue. 

19  c.c. 

53  c.o. 

26  c.o. 

15  c.o. 

13  0.0. 

17  c.c. 

21  c.o. 

33  c.c. 

A', 
below  7  °. 

B'. 

79-81°. 

C'. 

81-*  5°. 

D'. 

85-105°. 

E'. 

105-108°. 

F'. 
108-110°. 

Residue. 

A 

5  c.c. 

Added 
B 

42  c.c. 

(10  c.c.*) 

Added 
C 

(9  c.c.*) 

Added 
DE 

50  c.c. 

Added 
F 

(11  C.C.*) 

Added 
G 

22  c.c. 

42  c.o. 

*  Itefrac- 
tioned 
C' 

12  c.c. 

7  c.o. 

E' 

5  c.c. 

6c.c. 

5  c.c. 

54  c.c. 

7  c.c. 

50  c.o. 

6  o.c. 

27  c.c. 

42  c.c. 

•     The  fraction  79-81°  C.,  which  is  nearly  pure  benzene,  can  be  further 
purified  by  teziug,  pressing,  &nd  redistilling. 
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It  will  be  found  that  by  repeating  the  process  the  liquid  is 
gradually  separated  into  two  large,  fractions,  consisting 
chiefly  of  benzene  and  toluene,  and  a  number  of  smaller 
intermediate  fractions. 

The  table  by  Dr.  Cohen  on  page  206  gives  the  volume  in 
c.c.  and  the  boiling  points  of  the  fractions  obtained  by  this 
method  from  200  c.c.  50  per  cent,  benzene,  each  table 
denoting  a  complete  series  of  fractionations.- 

XII.  DETERMINATION  OF  THE  SPECIFIC  GRAVITY     ., 
OF  GAS. 

134.  This  may  be  most  conveniently  performed  by  a 
method  devised  by  the  late  Greville  Williams,  F.R.S.,  a  de- 
scription of  which  appeared  in  the  Transactions  of  the  Gas 
Institute  for  1882.  The  following  is  taken  from  the  above 
mentioned  source : — 

uThe  specific  gravity  of  a  gas  may  be  defined  as  the 
comparative  weights  of  equal  volumes  of  air  and  the  gas 
under  the  same  conditions  as  to  temperature  and  pressure. 
Whether  the  gas  should  be  dried  or  not  before  its  density 
be  taken  is  a  matter  of  no  importance  as  regards  the  present 
paper.  I,  however,  invariably  weigh  the  gas  and  air  in 
an  absolutely  dry  state.  It  is  quite  unnecessary  for  me 
to  describe  the  processes  devised  by  Regnault,  Bunsen,  and 
others,  as  I  have  already  done  so  very  fully  in  Watt's 
*  Dictionary  of  Chemistry,'  and  in  my  *  Handbook  ot 
Chemical  Manipulation.'  .  .  .  The  sole  object  of  this  paper 
is  to  show  that,  by  a  simple  modification  of  well-known 
processes,  and  without  the  use  of  an  air  pump,  an  accuracy 
may  be  obtained  which  leaves  nothing  to  be  desired  for 
technical  purposes  ;  and  the  formula  given  for  the  calcula- 
tions, which  is  of  the  utmost  possible  simplicity,  does  not 
introduce  an  error  of  any  importance. 

"  If,  however,  perfect  accuracy  be  desired,  the  corrections 
mentioned  further  on  can  easily  be  made.  As  with  the 

p 
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method  described  by  Banister,*  only  a  globe  with  two  stop- 
cocks is  used,  which  is  represented  in  Fig.  51,  one-quarter 
the  actual  size.  Instead,  however,  of  weighing  the  balloon, 
as  Banister  directs,  against  weights,  I  weigh  against  another 
balloon  of  as  near  as  possible  the  same  size,  but  a  little 
lighter — a  device  very  generally  adopted  in  the  determina- 
tion, of  specific  gravities  of  gases  and  vapours. 

"  The  determination  of  the  specific  gravity  of  a  gas  is  by 
no  means  a  difficult  operation ;  but,  nevertheless,  to  obtain 
accurate  results,  attention  must  bo  paid  to  the  minutest 
precautions,  the  neglect  of  any  one  being  fatal  to  success. 
In  the  first  place,  the  balance  should  be  of  the  highest 
class;  both  planes  and  edges  must  be  of  agate  or  rock 
crystal ;  and  it  should  distinctly  indicate  one  deci-milli- 
grainme  with  the  globe  and  its  counterpoise  hanging  from 
the  beam.  If  this  be  the  case,  the  capacity  of  the  globe  need 
not  be  greater  than  400  cubic  centimetres. 

"  The  usual  methods  emploj^ed  involve  exhaustion  of 
the  balloon  by  the  air  pump,  either  at  each  experiment,  or, 
as  with  Letheby's,  a  preliminary  exhaustion,  which  serves 
once  for  all.  By  the  method  here  described,  not  only  is 
no  exhaustion  required,  but  all  corrections  are  avoided  by 
the  simple  device  of  selecting  a  day  when  the  barometer  is 
steady,  and  working  in  a  room  where  the  temperature  can 
be  made  the  same  when  the  globe  is  weighed  with  air  as 
when  it  is  weighed  with  gas.  Both  these  conditions,  I  find, 
can  be  readily  obtain  e4  in  practice. 

"  The  room  in  which  I  worked  formed  the  centre  one  of 
a  series  of  three,  and  had  no  doors ;  notwithstanding  this, 
by  means  of  a  gas  stove,  I  found  it  easy  to  regulate  the 
temperature  to  0*2  of  a  degree  centigrade.  If  the  room 
be  too  cold,  the  heat  may  be  raised ;  if  it  be  too  hot,  cooler 
air  may  be  introduced  by  the  ordinary  means  employed  for 
ventilation.  By  working  in  this  way,  it  will  be  seen  that 

*  •  Gas  Manipulation,'  Banister  and  Sugg,  pp.  18, 19,  20. 
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the  air  and  the  gas  may  be  weighed  under  the  same  con- 
ditions of  temperature  and  pressure.  It  is  proper,  however, 
to  remark  that  the  air  must  be  rendered  absolutely  free  from 
carbonic  anhydride  and  moisture.  For  this  purpose  it  was 
drawn  slowly  through  one  bottle  of  potassium  hydrate 
solution,  two  of  sulphuric  acid,  six  U-tubes  of  very  active 

soda-lime,  and  four  U-tubes  of  calcic  chloride,  before  entering 

la- 
the globe.  One  U-tube  of  calcic  chloride  was  placed,  as  a 
guard,  after  the  globe. 

"  The  drawing  through  of  the  air  is  effected  by  means  of 
an  aspirator,  and  the  current  is  kept  up  until  every  trace 
of  any  gas  previously  experimented  on  is  removed;  this 


FIG.  51.  FIG.  52. 

may  be  known  by  the  balloon  remaining  constant  in  weight. 
When  this  is  arrived  at,  and  the  temperature  at  which  it  is 
desired  to  make  the  experiment  attained  (and  which  should 
be  as  near  as  possible  the  average  of  the  room),  the  tube 
attached  to  the  aspirator  is  to  be  slipped  off,  and  the  tap  of 
the  globe  on  that,  side  closed,  and  then  the  other  tap.  The 
balloon,  having  been  carefully  wriped  with  a  clean  chamois 
leather,  or  a  soft  silk  handkerchief  kept  for  that  purpose, 
is  to  be  hung  on  the  balance  by  a  stirrup  of  platinum 
wire,  as  represented  in  Fig.  51.  The  counterpoise,  Fig.  52, 
is  also  to  be  hung  on  the  balance  by  the  glass  hook.  The 
counterpoise  being  somewhat  lighter  than  the  balloon,  a 
very  few  grammes  will  be  required  to  bring  them  into  equi- 
librium. 

P  2 
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"  Having  adjusted  the  last  deci-milligramme,  by  means  of 
the  rider  apparatus,  the  balloon  is  to  be  left  for  five  minutes, 
and  the  weight  taken  again ;  the  last  weight  is  to  be  called 
'  weight  of  balloon  and  air.'  The  balloon  is  then  to  be 
attached  to  a  tube  evolving  the  gas,  which  is  to  be  passed 
slowly  through  six  IT- tubes  of  soda  lime,  to  remove  the  last 
traces  of  carbonic  acid,  and  four  of  calcic  chloride,  for  one 
hour;  a  guard  tube,  as  before,  being  employed  at  the  exit. 
The  tap  next  the  gas  supply  is  to  be  turned  off  first,  the 
other  immediately  after  ;  the  balloon  is  then  to  be  weighed 
with  the  same  precautions  as  were  taken  with  air.  It  is  as 
well,  in  a  first  experiment,  to  send  the  gas  a  second  time 
through  the  globe  for  another  half  hour  ;  when,  if  it  be 
found  that  the  globe  has  not  diminished  in  weight,  it  is,  of 
course,  certain  that  all  the  air  has  been  expelled.  The  last 
weight  is  to  be  entered  in  the  laboratory  book  as  *  weight  of 
balloon  and  gas.' 

"  From  this  time  a  specific  gravity  may  be  determined 
every  hour  without  reweighing  the  balloon  and  air,  as  long 
as  the  barometer  and  thermometer  remain  the  same.  The 
weights  of  the  balloon  and  air  at  various  barometric  pres- 
sures and  temperatures  should  be  tabulated,  as  when  that 
pressure  and  temperature  occur  again,  the  previous  deter- 
mination of  weight  of  air  will  render  another  one  unneces- 
sary. 

"  It  is  obvious  that  the  temperature  of  the  room  in  winter 
will  be  different  to  that  in  summer,  but  this  will  have  no 
effect  upon  the  result,  as  all  that  is  necessary  is  that  the 
temperature  should  be  the  same  when  both  gas  and  air  are 
weighed. 

"  Care  must  be  taken  that  the  calcic  chloride  and  soda- 
lime  are  renewed  at  proper  intervals. 

*'  In  order  to  subject  the  process  to  the  severest  possible 
test,  I  made  some  determinations  of  the  specific  gravity 
of  hydrogen  in  the  globe,  Fig.  51,  having  a  capacity  of 
443  cubic  centimetres.  The  specific  gravity  of  hydrogen 
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being  only  0*0693,  it  will  be  seen  that  an  error  of  only  0*01 
is  very  conspicuous.  In  four  experiments,  the  following 
values  were  obtained  : — 


No. 

p. 

Grammes. 

V. 
c.c. 

T. 
C. 

*, 

D. 

Theory. 

D.fference. 

I. 

0-5038 

443 

16 

0-001221 

0-0685 

0'  06930 

-0*0008 

II. 

0-5045 

443 

14 

0-001230 

0-07412 

0-06930 

+0*00482 

III. 

0-5020 

443 

16 

0-001221 

0-07192 

0*06930 

+  0-00262 

IV. 

0-5040 

443 

16 

0-001221 

0-0682 

0-06930 

-0-0011 

Mean. 

0-0707 


Theory. 
0-0693 


Difference. 
+0-0014 


"  If  all  the  corrections  are  made,  the  mean  density  be- 
comes a  little  higher,  but  even  then  the  error  is  only  0*0126, 
which  is  well  within  the  limits  laid  down  at  starting. 
Bunsen's  standard  experiments  with  his  apparatus  gave 
0*079;  difference  0*010. 

"In  the  above  table,  P  is  the  difference  between  the 
weight  of  the  balloon  and  air,  and  the  balloon  and  gas,  in 
grammes.  V  is  the  capacity  of  the  balloon  in  cubic  centi- 
metres ;  T  the  temperature,  centigrade  ;  nt  the  weight  of 
one  cubic  centimetre  of  air  at  T  ;  D  the  experimental  specific 
gravity.  As  care  has  been  taken  that  the  barometer  shall 
not  vary  during  the  experiment,  it  does  not  enter  into  the 
formula,  which  for  gases  lighter  than  air  is — 

T>-V«,-P. 


"  The  value  of  nt  may,  when  extreme  exactitude  is  not 
required,  be  taken  direct  from  the  following  table  •  other- 
wise nt  should  be  corrected  for  the  elastic  force  of  the 
atmosphere  at  the  time  of  the  experiment,  as  the  table  is 
calculated  for  a  barometric  pressure  of  760  mm.,  or  29*922 
inches. 
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TABLE  FOB  THE  CALCULATION  OF  w. 


Temp. 

nt 

Temp. 

nt 

Temp. 

nt 

Grammes. 

Grammes. 

Grammes. 

C. 

F. 

C. 

F. 

C. 

F. 

Deg. 

Deg. 

l>g. 

DeK. 

Deg. 

Dog. 

1 

33-8 

0-001288 

11 

51-8 

0-001243 

21 

69-8 

0-001201 

2 

35-6 

0-001284 

12 

53-6 

0-001239 

22 

71-6 

0-001197 

3 

37-4 

0-001279 

13 

55-4 

0-001234 

23 

73-4 

0-001193 

4 

39-2 

0-001275 

14 

57-2 

0-001230 

24 

75-2 

0-001189 

5 

41.-0 

0  001270 

J5 

59'0 

0-001225 

25 

77'0 

0-001185 

6 

42-8 

0-001266 

16 

60-8 

0-001221 

26 

78-8 

0-001181 

7 

44-6 

0-001261 

17 

62-6 

0-001217 

27 

80-6 

0-001177 

8 

46-4 

0-001257 

18 

64-4 

0-001213 

28 

82-4 

0-001173 

9 

48-2 

0-001252 

19 

66-2 

0-001209 

29 

84-2 

0-001169 

10 

50-0 

0-001248 

20 

68-0 

0-001205 

30 

86-0 

0-001165 

"  It  is  as  well  to  repeat  that  the  flow  of  a  light  gas  should 
be  continued  until  the  balloon  ceases  to  lose  weight ;  and  if 
the  gas  be  heavier  than  air,  until  it  ceases  to  gain  in  weight. 

"  The  following  numbers  were  obtained  in  the  determina- 
tion of  the  density  of  carbonic  anhydride  : — 


No, 

P. 

Grammes. 

V. 

c.c. 

T. 
C 

nt. 

D. 

Theory.      Difference. 

I. 

0-2833 

443 

17° 

0-001217 

1-5254 

l-522i     +  0-0030 

II. 

0-2855 

443 

17° 

0-001217 

1-5295 

1-5224     +0-0071 

I 

1 

Mean. 
1-5274 


Theory. 
1-5224 


Difference, 
•f  0-0050 


"  The  gas  being  heavier  than  air,  the  formula  becomes 


"  In  conclusion,  it  may  be  said  that,  if  the  method  above 
given  be  carefully  carried  out,  the  specific  gravity  of  coal 
or  any  other  gas,  of  which  a  cubic  foot  or  two  can  be  spared, 
maybe  readily  and  accurately  determined,  without  the  use  of 
an  air-pump  " 
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PAKT    V. 

TECHNICAL  GAS  ANALYSIS,  CALOKIMETRY,  ESTIMATION 
OF  CYANOGEN  IN  GAS,  VALUATION  OF  OILS  FOB  GAS- 
MAKING  PURPOSES,  ESTIMATION  OF  NAPHTHALENE. 

TECHNICAL  GAS  ANALYSIS. 
Introduction. 

THF  measurement  of  gases,  and  the  quantitative  analysis  of 
gaseous  mixtures,  involve  special  methods  and  constitute  a 
special  branch  of  chemical  analysis,  frequently  involving  the 
use  of  special  apparatus.  Further,  when  dealing  with  the 
volume  of  a  gas,  special  corrections  and  calculations  are 
frequently  required  in  order  to  arrive  at  comparative  results. 
These  corrections  are  necessitated  "by  the  very  considerable 
effect  which  changes  of  temperature  and  pressure,  and 
amount  of  moisture,  exert  upon  the  volume  of  a  gas. 

The  most  exact  methods  of  gas  analysis  necessitate  the 
use  of  mercury  as  the  confining  liquid,  and  also  require  a 
very  considerable  amount  of  manipulative  skill  on  the  part 
of  the  operator.  They  further  involve  the  expenditure  of  a 
considerable  amount  of  time,  and  in  addition,  require  very 
expensive  apparatus;  consequently  such  methods  are  not 
adapted  to  the  every-day  requirements  of  a  gasworks.  For 
such  requirements,  something  involving  less  time  and  care, 
even  at  the  sacrifice  of  a  slight  degree  of  accuracy,  is  neces- 
sary. These  conditions  are  complied  with  in  a  number  of 
designs  for  apparatus  for  Technical  Gas  Analysis  lately 
devised;  amongst  them,  those  of  Hempel  and  Bunte  are 
specially  adapted  for  use  in  gasworks. 
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The  Measurement  of  Gases. 

135.  The  volume  of  a  gas  can  be  found  directly  or  in- 
directly; it  is  estimated  either  voluinetrically,  by  titration, 
or  gravimetrically.  The  quantity  found  is  in  all  cases 
expressed  in  per  cent,  by  volume.  The  volume  of  a  gas  is 
influenced  by  pressure,  temperature,  and  the  tension  of  the 
liquid  over  which  it  is  measured. 

Gases  are  measured  in  their  condition  at  the  time  at 
which  the  measurement  is  made,  that  is  at  the  pressure  of 
the  air  as  indicated  by  the  barometer,  and  at  the  tempera- 
ture as  indicated  by  the  thermometer.  As  water,  in  the 
case  of  technical  gas  analysis,  is  used  as  the  trapping  liquid, 
the  gas  is  always  in  a  state  of  complete  saturation  with 
moisture. 

From  the  above  remarks  it  will,  be  seen  that  the  condi- 
tions under  which  gases  are  measured  may  be  very  different, 
and  may  vary  during  the  progress  of  an  analysis  even  from 
one  observation  to  another.  Every  such  change,  unless  duly 
taken  notice  of,  might  introduce  very  considerable  errors. 
It  is  consequently  necessary,  in  many  cases,  to  make  a  correc- 
tion, which  consists  in  reducing  the  volume  of  gas,  which 
is  measured  under  known  but  vaiying  conditions,  to  the 
volume  which  it  would  measure  at  the  normal  barome- 
tric pressure  of  760  millimetres,  at  the  normal  tempera- 
ture of  0°  C.j  and  in  the  dry  state.  Gases,  when  reduced 
to  these  standard  conditions,  are  said  to  be  in  their  normal 
state. 

136  The  reduction  of  the  volume  of  a  gas  to  the  normal 
state  is  made  by  the  aid  of  a  formula  based  on  the  following 
data. 

(1)  Pressure.- — According  to  Boyle's  law  the  volume  of  u 
gas  is  in  inverse  proportion  to  the  pressure  to  which  it  is 
subjected. 
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Consequently,  if 

v  =  the  observed  volume  of  the  gas, 
Vp  =  the  volume  of  the  gas  at  760  mm.  pressure, 
p  =  the  observed  barometric  pressure, 


(2)  Temperature.  —  A  gas  expands  by  ?$F  (=  0*003665) 
of  its  volume,  for  each  degree  centigrade  rise  in  its  tem- 
perature. Therefore,  if 


v  —  the  observed  volume  of  the  gas, 
V0  =  its  volume  when  reduced  to  0°  C., 
t  —  the  observed  temperature, 

273  X  P  __  v_ 
1  V°  ~  273-fJ  ~1  +0-003665  X  <" 

(3)  Correction  for  Moisture.  —  When  a  gas  is  saturated  with 
moisture  by  contact  with  water,  under  the  same  conditions 
of  temperature  and  pressure,  it  always  contains  the  same 
quantity  of  moisture.  This  water  vapour  mingled  with  the 
gas  exerts  a  certain  pressure,  which  is  commonly  termed  the 
tension  of  aqueous  vapour,  and  increases  with  the  tempera- 
ture. It  is  usually  expressed  in  millimetres  of  mercury,  and 
has  been  accurately  determined  for  each  degree  of  tempera- 
ture (see  Table  in  Appendix).  It  is  necessary  to  deduct  the 
pressure  due  to  the  tension  of  aqueous  vapour  from  the  baro- 
metric pressure. 

Thus  if  w  is  the  tension  of  aqueous  vapour  in  a  volume 
of  gas  under  pressure  jp,  the  true  pressure  on  the  gas 
=  (p  —  w).  The  three  preceding  corrections  are  embraced 
in  the  following  formula?,  in  which  V  represents  the  volume 
of  the  gas  corrected  for  pressure  and  temperature,  and  for 
moisture  if  necessary. 

V        ,q  v  -  ^  x  2^3-*  -  _  -JU 

dry  gas  V  -  760(273  -M)~  760  (1  -T 
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(p  -  w)  x  273  x  v 
For  a  moist  gas  V  =       760  (273  +  <} 

_       (p  —  w)  x  v 


760(1  +  003665f) 

137.  Only  those  volumes  can  be  directly  compared  with 
one  another,  that  have  been  reduced  to  equal  pressure  and 
temperature,  the  tension  of  the  confining  liquid  being  also 
allowed  for.  Parallel  gas  measurements  can  be  carried  on  as 
under  — 

(1)  Varying  pressure,  varying  temperature,  and  varying 
volume. 

(2)  Constant  pressure,  constant  temperature,  and  varying 
volume. 

(3)  Constant  temperature,  varying  pressure,  and  constant 
volume. 

(4)  Constant  pressure,  varying  temperature,  and  vary- 
ing volume. 

In  the  first  case,  the  gas  volumes  found  must  be  reduced 
to  like  temperature  and  pressure.  In  the  second  and  third, 
the  resulting  volumes  can  be  directly  compared  since  density 
and  pressure  are  directly  proportional. 

The  reductions  of  the  volumes  of  gases  to  the  normal 
state,  may  be  omitted  in  analyses  which  are  performed 
rapidly,  as  material  changes  of  pressure  and  temperature  are 
not  likely  to  be  then  experienced  ;  also  in  cases  in  which  only 
approximately  correct  results  are  required. 

Calibration  of  Measuring  Tubes. 

138.  The  graduations  of  measuring  tubes  for  gases 
represent  either  absolute  cubic  centimetres,  and  fractions  of 
cubic  centimetres  capacity,  or  millimetres  length  on  the 
tube. 

In  the  latter  case,  it  will  be  necessary  to  determine  the 
value  of  the  graduations  in  terms  of  cubic  centimetres. 
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Since  glass  tubes  always  vary  in  diameter  in  different  parts 
throughout  their  length,  it  follows  that  equal  lengths  on 
different  parts  of  a  graduated  tube  do  not  correspond  to 
equal  capacities;  it  is  necessary,  therefore,  to  calibrate  a 
measuring  tube  throughout  its  length.  The  two  liquids 
commonly  used  for  calibrating  tubes  are  mercury  and  water. 


Calibration  of  the  Hempel  Burette. 

139.  In  this  form  of  tube  the  gas  is  measured  over  water, 
consequently  it  is  advisable  to  calibrate  it  by  means  of  that 
liquid. 

The  measuring  tube,  Fig.  53,  is  disconnected  from  the  pres- 
sure tube,  and  has  then  attached  to  its  lower  end,  by  means  of 
a  piece  of  india-rubber  tubing,  a  glass  tube  about  four  inches 
long,  with  the  end  drawn  out  into  a  fine  jet,  and  having  a 
stop-cock  in  the  centre.  The  stop-cock  and  tube  must  be 
firmly  attached  to  the  measuring  tube  by  tightly  binding 
the  india-rubber  tubing  with  thin  copper  wire,  the  glass  ends 
butting  against  one  another  within  the  joint.  The  jet  should 
be  bent  in  a  downward  direction,  so  as  to  deliver  the  water 
drawn  off,  into  a  vessel  placed  beneath  it.  The  measuring 
tube  and  stop-cock  tube  are  completely  filled  with  distilled 
water  at  the  temperature  of  the  room,  which  should  be  c  ire- 
fully  noted.  All  air-bubbles  must  be  excluded. 

Successive  portions  of  water,  of  5  c.c.  each,  are  then 
drawn  off  into  a  stoppered  weighing  bottle  and  weighed,  the 
weight  of  water  corresponding  to  each  reading  on  the  tube, 
being  noted,  and  the  bottle  carefully  dried  between  each 
weighing.  The  weight  of  water  is  then  calculated  into  ab- 
solute volume,  by  applying  the  correction  for  the  expansion 
of  water  given  in  the  Table  in  the  Appendix. 

For  example,  if  the  first  5  c.c.  weighed  4  •  92  grams  at 
17°  0.,  its  absolute  volume  would  be  4-92  x  1*  00101  = 
4 -925  c.c. 

When   the   top   of  the   tube   is  being   calibrated,    it   is 
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FIG.  53. 
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advisable  to  draw  off  smaller  volumes  of  water  than  5  c.c., 
if  the  measuring  tube  is  to  be  used  for  small  volumes  of  gas. 
In  all  measurements  in  which  water  and  similar  liquids 
are  employed,  it  is  necessary  that  a  certain  time  elapse  for 
the  liquid  to  drain  down  the  sides  of  the  measuring-tube 
before  taking  a  reading.  The  time  will  vary  from  about  30 
seconds  to  five  minutes  according  to  the  liquid  employed. 
On  an  average,  however,  about  two  minutes  will  be  found 
sufficient. 


GAS  ANALYSIS  BY  MEANS  OP  HEMPEL'S  GAS  APPARATUS. 

140.  The  absorption  of  a  gaseous  constituent  is  frequently 
not  carried  out  in  the  measuring  tube  itself,  but  in  a  separate 
vessel  which  serves  for  holding  the  absorbing  liquid,  and  for 
bringing  the  gas  into  contact  with  it  after  being  measured. 
When  the  absorption  has  been  completed,  the  remaining  gas 
is  again  carried  over  into  the  measuring  tube,  and  its  volume 
is  read  off.     The  volume  of  the  gas  absorbed  follows  from 
the  difference  of  the  two  readings.      This  process  admits  of 
thoroughly    utilising    the   absorbent,    and   dispenses    with 
washing  out  the  measuring  tube  after  each  estimation. 

Hempel's  apparatus  is  based  upon  the  above  principle, 
and  consists  of  two  portions ;  the  burette,  or  measuring  vessel, 
and  the  pipette  or  absorption  vessel. 

141.  The  gas  burette  is  shown  in  Fig.  53. 

It  consists  of  two  glass  tubes,  a  and  b,  which  are  cemented 
into  slots  in  semicircular  weighted  wooden  feet,  and  are  con- 
nected by  about  a  yard  of  thin  india-rubber  tubing.  To 
facilitate  the  cleaning  of  the  burette,  this  india-rubber  tube 
is  divided  in  the  centre,  and  the  two  ends  are  joined  by  a 
piece  of  glass  tubing.  Jnside  the  feet,  the  tubes  a  and  b  are 
bent  at  right  angles,  and  conically  drawn  out.  The  project- 
ing ends  are  of  about  4  millimetres  external  diameter,  and 
are  corrugated,  to  enable  the  india-rubber  connecting  tube  to 
be  tightly  attached  by  means  of  thin  copper  wire.  The 
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measuring  tube  6,  terminates  at  the  top  in  a  thick-walled 
capillary  tube  c,  of  from  i  to  1  millimetre  internal  diameter, 
and  about  3  centimetres  long.  Over  this  a  short  piece  of  new 
black  india-rubber  tubing  is  firmly  fastened  on  by  means  of 
thin  copper  wire.  The  iudia-rubber  tube  is  closed  by  means 
of  a  strong  brass  pinch-cock  which  is  placed  close  to  the  end 
of  the  capillary  tube.  ,  The  pinch-cock  is  always  taken  off 
from  the  india-rubber  tube  after  using,  as  this  helps  to  keep 
the  latter  in  good  condition.  Notwithstanding  the  fact  that 
readings  cannot  be  made  under  the  rubber  tube,  and  that  the 
pinch-cock  cannot  always  be  put  on  above  the  tube  in  ex- 
actly the  same  position,  no  practical  error  arises,  since  the 
glass  tube  c  is  so  small  in  diameter.  Hempel  found  that 
the  differences  in  volume  are  much  less  than  -j^  c.c.,  a  varia- 
tion which,  in  determinations  not  made  over  mercury,  may 
be  entirely  disregarded.  The  graduated  measuring  tube  6, 
contains  100  c.c.,  the  lowest  mark  being  slightly  above  the 
wooden  foot.  The  cubic  centimetres  are  divided  into  fifths, 
and  the  numbers  run  both  up  and  down.  The  tube  a,  which 
may  be  called  the  level  or  pressure  tube,  is  not  graduated, 
and  is  somewhat  widened  at  the  upper  end  h,  to  facilitate  the 
poui  ing  in  of  liquids. 

*  '*•''•..•         :  i  "'•'••• 

Manipulation  of  the  Gas  Burette. 

142.  Fill  the  tubes  a  and  b  with  water,  t  iking  care  to 
drive  all  air  out  of  the  connecting  rubber  tube  by  suitably 
raising  of  lowering  the  tubes  ;  then  join  the  measuring  tube 
to  the  gas  supply  by  means  of  a  glass  or  rubber  tube  con- 
taining water  (this  connecting  tube  can  be  easily  filled  with 
water  by  raising  the  pressure  tube).  To  fill  the  burette 
with  the  gas  to  be  examined,  grasp  the  tube  a  in  the  left 
hand,  close  ;the  rubber  tube  at  e  by  pressing  it  between  the 
little  finger  and  the  palm  of  the  hand,  and,  pour  out  the 
water  ip.  a. 
.,...,  Place  the  pressure  tube  on  the  floor,  and  open  the  pinch- 
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cock  /.  The  water  will  now  flow  into  the  pressure  tube  and 
the  gas  will  be  drawn  into  the  measuring  tube.  When  the 
latter  is  filled  with  the  gas,  close  the  pinch-cock/,  disconnect 
b  from  the  gas  supply,  and,  after  the  liquid  has  run  down 
the  walls  of  the  burette,  take  up  the  tubes  by  their  wooden 
feet,  and  by  raising  or  lowering,  bring  the  water  in  the 
tubes  to  the  same  level.  The  gas  is  now  under  the  pressure 
of  the  atmosphere,  and  its  volume  is  read  off.  To  measure 
off  exactly  100  c.c.,  bring  rather  more  than  100  c.c.  of  the  gas 
into  the  burette,  close  the  latter  with  its  pinch-cock,  and  let 
the  water  run  down.  Now  compress  the  gas  to  less  than 
100  c.c.  by  raising  the  pressure  tube,  close  the  rubber  tube  at 
g  with  the  thumb  and  first  finger  of  the  left  hand,  set  the 
pressure  tube  on  the  table,  and  raising  the  burette  in  the 
right  hand  to  the  level  of  the  eye,  carefully  open  the  rubber 
tube,  and  let  the  water  run  back  until  the  meniscus  stands 
at  the  100  c.c.  mark.  Keeping  the  rubber  tube  still  com- 
pressed, open  the  pinch-cock  for  a  moment.  The  excess  of 
gas  will  escape,  and  there  remains  in  the  burette  exactly 
100  c.c.  of  gas  under  atmospheric  pressure. 

143.  The  next  portion  of  Hempel's  apparatus  is  the 
absorption,  pipette,  which  is  used  in  connection  with  the 
burette  or  measuring  tube.  By  using  a  series  of  these 
pipettes,  a  gaseous  mixture  can  be  submitted  to  the  succes- 
sive action  of  suitable  absorbent  reagents,  and  the  pro- 
portions of  the  constituent  gases  thus  ascertained. 

The  "  simple  absorption  pipette  "  is  shown  in  Fig.  54.  It 
consists  of  two  large  bulbs  c  and  d,  joined  together  as  shown, 
and  of  a  thick-walled  glass  tube  a,  bent  as  in  the  figure, 
called  the  capillary  tube.  The  bulb  c  holds  about,  150  c.c., 
and  the  bulb  d  about  100  c.c.,  so  that  when  100  c.c.  of  gas 
is  brought  into  c  sufficient  space  for  the  absorbing  liquid  wilt 
remain.  To  protect  the  pipette  from  being  broken  and ;  IQ 
facilitate  manipulation  it  is  screwed  on  to,  a  woo,den  stand. 
A  short  piece  of  india-rubber  tubing  ist fastened  by  means  of 
thin  copper  wire  to  the  free  end  of  the  capillary  tube. 
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Behind  the  latter  a  white  porcelain  scale  is  fixed  for  the 
purpose  of  reading  off  the  height  of  the  thread  of  liquid 
in  the  capillary  tube  when  the  pipette  is  in  use. 

Another  form  of  absorption  pipette  is  shown  in  Fig.  55. 
The  bulb  (c)  is  cylindrical  in  form,  and  is  tubulated  below 
for  the  purpose  of  admitting  a  solid  absorbent. 


FIG.  M. 


Double  Absorption  Pipette. 

144.  Beagents  which  are  acted  upon  by  oxygen,  i.e. 
potassium  pyrogallate,  cuprous  chloride,  &c.,  cannot  of  course 
be  kept  in  the  pipettes  just  described,  since  the  reagents  in 
the  same  would  become  inactive  in  a  short  time  through 
contact  with  the  air,  consequently  when  using  such  reagents, 
it  is  necessary  to  employ  the  "  double  absorption  pipette/1 
Fig.  56.  This  pipette  permits  the  use  of  the  reagents  men- 
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tioned  under  an  easily  movable  atmosphere  which  is  free 
from  oxygen,  and  the  reagent  employed  may  be  kept  com- 
pletely saturated  with  those  constituents  of  the  gas  that  it 
does  not  strongly  absorb,  this  being  a  great  advantage.  The 
pipette  consists  of  the  large  glass  bulb  a,  of  about  150  c.c. 
capacity,  and  three  smaller  bulbs,  6,  c,  and  d,  each  containing 
only  100  c  c.  They  are  connected  by  the  bent  tubes  e,  /, 
and  <;,  and  end  in  the  bent  capillary  tube  Js.  A  little  water 
is  poured  into  the  bulbs  c  and  d. 


FIG.  55. 


145.  In  the  simple  absorption  pipette,  the  bulb  c  is  com- 
pletely filled  with  the  absorbing  liquid,  which  reaches  into 
the  syphon  bend  of  the  capillary  tube,  whilst  the  bulb  d 
remains  almost  empty.     The  pipette  is  filled  by  pouring  the 
liquid  reagent  into  the  wide  tube  attached  to  d  and  sucking 
the  air  out  of  c  by  the  capillary  tube. 

146.  Double  absorption   pipettes  are  filled  through  the 
capillary  tube  fixed  on  to  the  bulb  a,  by  connecting  the  india- 
rubber  tube  fixed  to  its  end  with  a  funnel  tube,  about  3  feet 
long,  through  which  the  absorbing  liquid  is  poured, 

Q 
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Manipulation  cf  the  Absorption  Pipette. 

147.  To  analyse  a  gas  with  the  apparatus  described,  the 
burette  is  filled  with  distilled  water  which  has  been  pre- 
viously saturated  with  the  gas  to  be  analysed. 

If  simple  pipettes  are  used,  these  are  so  filled  with  the 
Absorbent  that  the  bulb  d  remains  empty.  The  absorbent 


FIG.  5G. 

also  must  be  saturated,  by  shaking  with  the  gases  which  are 
but  slightly  soluble  in  it.  The  saturation  of  liquids  is  most 
conveniently  effected  in  a  flask  half  filled  with  the  liquid,  a 
rapid  stream  of  gas  being  led  through  the  liquid,  and  the 
flask  vigorously  shaken.  If  the  reagents  in  the  absorption 
pipettes  are  at  the  temperature  of  the  room,  as  can  easily  be 
ascertained  by  placing  a  thermometer  at  &,  Fig.  56,  the 
analysis  is  started  by  aspirating  the  gas  into  the  measuring 
tube  as  already  described.  It  will  be  found  convenient  to 
take  exactly  100  c.c.  so  that  the  results  may  be  read  off 
directly  in  percentages. 
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The  apparatus  is  then  arranged  as  in  Fig.  57.  The 
pipette  is  placed  on  the  wooden  stand  G,  and  is  connected 
with  the  burette  by  the  capillary  tube  F,  which  is  a  piece  of 


FIG.  57. 


Q  2 
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thermometer  tubing  of  about  0'5  millimetre  internal  dia- 
meter. To  avoid  the  enclosing  of  air  bubbles,  the  rubber 
tube  d  is  first  filled  with  water  by  means  of  a  capillary 
funnel,  and  the  capillary  F  is  then  introduced ;  F  is  thus 
completely  filled  with  water.  The  rubber  tube  t  of  the 
pipette  is  squeezed  between  the  thumb  and  the  first  finger  of 
the  right  hand,  and  while  thus  compressed  and  free  from  air, 
the  capillary  connecting  tube  is  inserted. 

Upon  raising  the  pressure  tube  a,  and  opening  the  pinch- 
cock,  the  gas  passes  through  the  connecting  tube  into  the 
absorption  pipette.  Any  small  air  bubbles  which  may  have 
been  enclosed  when  F  was  inserted  into  t,  are,  at  the  begin- 
ning, separated  from  the  gas  by  the  water  in  F.  If  these 
bubbles  do  not  take  up  more  than  5  to  10  mm.  space  in  the 
capillary  tube  of  the  pipette  they  may  be  neglected,  since  the 
error  arising  therefrom  is  only  about  0  *  03  cubic  centimetre. 
If  the  bubbles  are  larger,  although  with  a  little  dexterity  this 
may  always  be  avoided,  the  gas  is  brought  back  into  the 
burette  by  lowering  the  pressure  tube  and  the  operation  is 
repeated.  When  the  gas  has  passed  over  into  the  pipette, 
about  %  c.c.  of  water  is  allowed  to  follow,  this  water  serving 
to  rinse  the  capillary  tube,  and  to  free  it  sufficiently  from  the 
absorbing  liquid  which  it  previously  contained.  The  gas  is 
now  enclosed  between  two  columns  of  liquid,  the  absorbent 
on  the  one  side,  and  the  water  in  the  capillary  on  the  other. 
The  burette  having  been  closed  by  the  pinch-cock,  the 
pipette  is  disconnected  and  shaken,  and  the  absorption  of  the 
eas  thus  effected. 

D 

The  burette  and  pipette  are  then  reconnected,  the  pres- 
sure tube  is  placed  on  the  floor,  and  the  gas  is  brought  back 
into  the  burette,  care  being  taken  that  the  absorbing  liquid 
does  not  pass  farther  than  the  connecting  capillary  F.  The 
pinch-cock  is  closed,  the  pipette  removed,  and  the  reading  of 
the  remaining  volume  is  made  as  before  described. 

The  manipulation  of  the  pipettes  filled  with  solid 
absorbents  is  simpler  still,  for  in  this  case  no  shaking  is 
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necessary,  because  of  the  large  amount  of  surface  contact, 
between  the  solid  and  the  gas. 

148.  A  separate  pipette  is  used  for  each  absorbent.     After 
using,  the  pipettes  are  closed  at  i  with  a  piece  of  glass  rod, 
and  at  k  with  a  small  cork. 

149.  Hempel's  apparatus  is  specially  adapted  to  the  com- 
plete analysis  of  purified  coal  gas.     In  such  a  determination 
we  require  to  estimate  the  following  constituents : — carbonic 
acid,  oxygen,  olefines,  carbonic  oxide,  hydrogen,  rnarsh  gas 
and  nitrogen. 

In  making  the  analysis,  we  first  collect  100  c.c.  of  the  gas 
in  a  Hempel  burette  containing  water  which  has  been  pre- 
viously saturated  with  coal  gas  by  passing  the  gas  through 
it  in  a  flask. 

150.  The  C02  is  first  absorbed  by  passing  the  gas  into  the 
pipette,  Fig.  54,  containing  a  solution  of  caustic  potash  made 
by  dissolving  160  grams  of  ordinary  caustic  potash  (not  by 
alcohol)  in  130  c.c.  of  water.     The  absorption  of  the  C02  is 
almost  instantaneous.     It  is  only  necessary  to  pass  the  gas 
into  the  apparatus  and  syphon  it  back  again  to  be  measured. 
The  contraction  produced  gives  directly  the  percentage  of 
C02  since  100  c.c.  were  used  at  starting. 

151.  The  oxygen  is  next  absorbed  by  means  of  a  solution 
of  pyrogallate  of  potash  in  the  compound  absorption  pipette, 
Fig.  56.     The  pyrogallate  solution   is   made   by  dissolving 
10  grams  of  pyrogallic  acid  in  200  c.c.  of  the  caustic  potash 
solution  employed  in  the  determination  of  oxygen. 

152.  The  next  step  is  to  absorb  the  olefines,  etc.  (C2H4)  by 
means   of  fuming  sulphuric  acid   in   the  pipette  shown  in 
Fig.  60.     The  gas  remaining  after  absorption  before  being 
measured  should  be  passed  into  the  caustic  potash  pipette,  so 
as  to  free  it  from  fumes  of  S03. 

153.  The  carbonic  oxide  (CO)  is  then  absorbed  by  means 
of  an  ammoniacal  solution  of  cuprous  chloride  in  the  pipette 
Fig.  56.    Cuprous  chloride  may  be  purchased  from  the  opera- 
tive chemist,  or  it  can  be  made  by  taking  one  part  of  common 
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salt  and  two  parts  of  crystallised  copper  sulphate  and  passing 
sulphur  dioxide  (S02)  into  the  solution.  The  resulting  pre- 
cipitate of  cuprous  chloride  is  washed  by  decantation  first 
with  a  solution  of  sulphurous  acid,  and  then  with  glacial 
acetic  acid.  It  is  finally  pressed  between  filter  paper  and 
dried  at  212°  F. 

154.  In  order  to  make  an  ammoniacal  solution  of  this 
salt,  15  grams  of  the  powder  are  suspended  in  about  100  c.c. 
of  water  contained  in  a   flask  of  about   250   c.c.  capacity. 
Ammonia  gas  is  then  passed  into  the  liquid  until  all  the 
cuprous  chloride  is  dissolved,  and  the  solution  assumes  a  pale 
blue  colour.     The  liquid  is  then  diluted  to  200  c.c.     In  deter- 
mining the  amount  of  CO,  the  gas  must  be  shaken  with  the 
absorbent  for  about  three  minutes. 

Having  absorbed  the  various  constituents  of  the  gas  as 
described,  there  then  remains  the  estimation  of  the  hydrogen, 
marsh  gas,  and  nitrogen. 

155.  The  hydrogen  is  first  estimated  by  being  burnt  in 
the  apparatus  shown  in  Fig.  58,  by  the  process  known  as  frac- 
tional combustion.     The  Hempel  apparatus  is  charged  with 
water  as  usual,  and  the  gas,  or  an  aliquot  part  of  it,  is  then 
mixed  with  an  excess  of  air.     The  gas  burette  A  and  the  gas 
pipette  B  are  joined  together  by  means  of  the  capillary  tube 
E,  and  the  tube  H.     This  tube  H  is  of  about  4  mm.  internal 
diameter  and  20  cm.  total  length,  and  it  contains  four  grains 
of  palladium  sponge  or  black,  made  by  reducing  palladious 
chloride  with  alcohol. 

The  gas  pipette  upon  the  stand  G  is  filled  with  water,  its 
use  being  to  render  it  possible  to  repeatedly  pass  the  gas 
through  the  palladium  tube.  Having  measured  the  gas  in 
the  burette,  it  is  joined  to  the  pipette  B  which  is  filled  with 
water  nearly  to  «,  and  the  U-tube  H  is  placed  in  a  large  beaker 
containing  warm  water  of  from  90  to  100°  C.,  and  after  open- 
ing the  pinch-cock  d,  the  gas  is  driven  three  times  backward 
and  forward  through  the  palladium  by  raising  and  lowering 
the  tube  a.  The  hot  water  is  then  replaced  by  water  at  the 
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FIG.  58. 
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temperature  of  the  room,  and  the  gas  residue  is  then  led  twice 
backwards  and  forwards  through  the  tube  in  order  to  com- 
pletely cool  the  gas. 

The  palladium  is  regenerated  after  the  reaction,  by  first 
leading  air  over  it,  whereby  it  becomes  quite  hot,  removing 
any  drops  of  moisture  which  may  collect,  so  that  the  palla- 
dium may  easily  be  shaken  out  of  the  tube  in  the  form  of  a 
dry  powder,  and  then  superficially  oxidising  the  metal  by 
heating  it  on  the  lid  of  a  platinum  crucible. 


FIG.  59. 

Before  using  the  palladium,  it  should  be  heated,  in  por~ 
tions  of  about  one  gram  at  a  time,  nearly  to  redness  upon  the 
cover  of  a  platinum  crucible. 

156.  To  the  residual  gas  from  the  combustion  of  the  hydro- 
gen, which  consists  of  marsh  gas,  nitrogen,  and  a  small  excess 
of  oxygen,  sufficient  oxygen  is  added  to  ensure  its  complete 
combustion,  and  the  total  volume  is  then  carefully  measured, 
and  the  mixture  is  fired  by  the  spark  from  an  induction  coil 
in  a  special  form  of  Hempel  explosion  pipette,  Fig.  59,  con- 
taining mercury  in  place  of  water.  In  making  the  experi- 
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ment  care  should  be  taken  that  the  capillary  remains  full  of 
water,  that  the  rubber  connecting  piece  is  closed  by  a  strong 
pinch-cock,  and  that  a  piece  of  glass  rod  is  slipped  into  the 
end  of  the  I.E.-tube.  Before  sparking,  the  pipette  is  vigor- 
ously shaken  and  the  glass  stop-cock  closed,  but  immediately 
the  explosion  has  been  effected  the  stop-cock  is  opened,  and 
the  remaining  gas  at  once  transferred  to  the  measuring  tube. 
The  decrease  of  volume  caused  by  the  firing  is  noted  and  the 
further  diminution  of  volume  resulting  from  the  absorption 
of  the  C02  produced  is  also  noted.  The  volume  of  marsh  gas 
originally  present  in  the  mixture  is  equal  to  the  volume  of 
C02  absorbed,  as  shown  by  the  following  equation  — 

CH4  +  02  =  C02  +  2  H20. 

The  volume  of  nitrogen  in  the  original  mixture  is  then  found 
by  difference. 

157.  An  alternative  method  is 
to  determine  the  three  constituents 
at  one  operation  by  explosion.  In 
making  such  a  determination  it  will 
be  necessary  to  absorb  the  carbon 
monoxide  by  a  solution  of  cuprous 
chloride  in  hydrochloric  acid  in 
place  of  the  ammoniacal  solution 
of  cuprous  chloride. 

The  operations  involved  in  this 
determination  consist  in  exploding 
a  certain  quantity  of  gas  with  about 
four  times  its  volume  of  oxygen 
in  the  explosion  pipette,  Fig.  59. 
About  20  c.c.  of  the  gas  and  about 
80  c.c.  of  oxygen  are  put  in  the 

explosion  pipette  and  sparked  in  the  usual  manner.  In  the 
explosion,  the  hydrogen  of  the  gas  combines  with  the  oxygen 
to  form  water,  and  the  carbon  of  the  marsh  gas  combines  with 
the  oxygen  to  form  C02,  thus  causing  a  contraction  of  volume. 


FIG.  Ql. 
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CH4  +  202  =  C02  +  2H20 
1  vol.  =1  vol. 

and 

2H2+  02  =  2H20 

21  2 

3  vols.        =  2  vols. 

The  gases  resulting  from  the  explosion  are  transferred 
back  into  the  measuring  tube  and  the  total  contraction  noted, 
the  gases  being  afterwards  passed  into  the  caustic  potash 
pipette  to  absorb  the  CO2  and,  since  one  volume  of  C02  is 
formed  by  one  volume  of  CH4  (as  in  the  above  equation),  the 
amount  of  C02  found  is  also  the  amount  of  marsh  gas  (CH4). 
Further,  two-thirds  of  the  contraction  after  the  explosion 
less  the  C02  formed,  will  give  the  hydrogen  present  in  the 
volume  of  gas  operated  on ;  the  difference  between  what 
remains,  and  the  original  volume  taken,  being  assumed  to  be 
nitrogen. 

158.  The  following  is  an  example  of  an  analysis  of  coal 
gas :  100  c.c.  of  gas  were  treated  with  the  following  reagents 
with  the  following  results. 

(1)  Caustic  potash  to  absorb  CO2  caused  no  dirainu-    per  cent. 

tion  of  volume =  O'O 

(2)  Pyrogallate  of  potash  to  absorb  oxygen  caused  a 

diminution  of  .        .        .        .  .        .        0*5 

(3)  Fuming  sulphuric  acid  to  absorb  olefines,  etc., 

caused  a  diminution  of 5*0 

(4)  Ammoniacal    cuprous  chloride    to    absorb  CO 

caused  a  diminution  of    .        .        .        .  7'5 

(5.)  The  residual  gas  which  measured  87  c.c.  was  returned 
to  the  cuprous  chloride  pipette,  the  burette  disconnected,  and 
the  water  changed  to  water  saturated  with  air  in  place  of 
the  coal  gas  saturated  water ;  20  c.c.  of  the  gas  were  then 
transferred  back  again  to  the  burette,  and  air  added  in  more 
than  sufficient  quantity  for  the  complete  combustion  of  the 
hydrogen.  The  volume  of  the  gas  and  air  amounted  to 
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65  c.c.,  and  this  was  then  burnt  by  passing  over  palladium 
black  as  described  on  page  228.     The  volume  after  the  com- 
bustion of  the  hydrogen  was  49  c.c. 
Consequently 

65  -  49  =  16  =  the  contraction, 
and 
16xJ  =  10*7  =  volume  of  hydrogen  in  20  c.c.  of  gas, 

and  since  the  original  volume  of  the  gas  taken  for  analysis 
was  100  c.c. 

10'7  X  87  =  46-54  per  cent,  hydrogen. 

(6.)  To  the  residual  gas  from  the  hydrogen  determination 
an  excess  of  oxygen  was  added. 

Volume  of  residual  gas  49  c.c. 
Volume  of  gas  and  oxygen  71  c.c. 

The  mixture  was  then  exploded  as  described  on  page  232 
and  the  C02  absorbed. 

Volume  after  explosion  54  c.c. ; 

consequently 

71  —  54  =  17  =  contraction. 

The  volume  after  the  absorption  of  the  C02  was  45  -5  cc. ; 
therefore 

54  —  45  *  5  =  8  •  5  c.c.  =  volume  of  C02  produced, 
and 

8'5  x  87  =  36-97  =  percentage  of  marsh  gas. 

(7.)  20  c.c.  -  (10-7  -f-  8-5)  =  0*8  c.c.  =  volume  of  nitro- 
gen in  100  c.c., 
and 

°'8  x  87  =  3-48  =  percentage  of  nitrogen. 
20 
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The  complete  analysis  is  therefore  as  under. 


Carbon  dioxide 
Oxygen 
defines,  &c.    . 
Carbon  monoxide 
Marsh  gas 
Hydrogen 
Nitrogen         , 


Per  cent. 

o-oo 

0-50 

5-00 

7-50 

36-97 

46-54 

3-48 


99-99 


For  further  details  concerning  this  useful  apparatus  the 
reader  should  consult  Hempel's  'Gas  Analysis,'  translated  by 
Dennis,  and  published  by  Macinillan  and  Co.,  Ltd. 

An  excellent  apparatus  for  the  complete  analysis  of  gas  is 
that  devised  by  Dr.  Arthur  H.  Elliott,  engineer  chemist  of 

the  Consolidated  Gas  Co., 
New  York.  The  apparatus, 
which  is  shown  in  Fig.  61, 
consists  of  three  tubes,  one 
of  which  is  water-jacketed. 
These  are  connected  to  one 
another  and  with  aspirator 
bottles  by  means  of  rubber 
tubing.  There  are  three 
aspirator  bottles,  and  each  is 
filled  with  water  of  the  tem- 
perature of  the  room.  The 
gas  is  introduced  by  means  of 
rubber  tubing,  also  filled  com- 
pletely with  water,  attached 
after  removing  the  funnel 
above  and  connecting  with 
the  source  of  supply.  The 

apparatus  should  be  used  with   water   of  a   constant  tem- 
perature.    For   this  purpose   it  is   necessary    to   provide   a 
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tank  in  the  laboratory  that  can  be  kept  at  the  uniform 
temperature  of  the  room,  and  arranged  so  that  it  fills 
automatically  from  time  to  time.  Jn  making  an  experiment 
with  this  apparatus,  the  first  operation  is  to  fill  the  glass 
collection  tubes  (which  hold  200  c.o.)  with  water  from  the 
tank  ;  when,  upon  opening  the  stop-cocks,  the  outflow  of  the 
water  will  allow  the  gas  to  flow  in.  By  reversing  the  opera- 
tion, and  connecting  by  water-filled  rubber  tubing,  the  gas 
can  be  forced  into  the  gas-analysis  apparatus.  Having  drawn 
the  gas  into  the  first  tube  (which  is  marked  below  indicating 
100  c.c.)  more  gas  is  taken  in  than  is  required.  It  is  intro- 
duced by  the  aspirator  bottles  into  the  second  or  middle  gradu- 
ated tube  and  measured  accurately,  arranging  the  bottles  so 
that  the  water  in  the  lower  one  is  level  with  that  in  the  tube. 
After  the  upper  stop-cock  is  closed,  the  excess  in  the  first  tube 
is  rejected  through  the  funnel.  The  reagents  are  introduced 
by  means  of  the  funnel,  which  fits  on  the  outside  of  the  end 
of  the  stop-cock  on  the  first  tube,  called  the  laboratory  tube. 
Transferring  the  gas  (100  c.c.)  from  the  middle  tube  where 
it  has  been  measured,  back  into  the  laboratory  tube  which 
is  full  of  water,  the  water  is  driven  over  from  the  middle 
tube  until  it  occupies  a  position  marked  on  the  capillary  part 
of  the  laboratory  tube  above.  Owing  to  the  peculiar  shape  of 
the  bulb  of  the  laboratory  tube  the  gas  is  pulled  down  at  the 
sides  by  the  solutions  used,  and  returns  up  the  middle  of 
the  tubes,  thus  circulating.  A  very  little  (a  few  drops)  of  the 
chemical  makes  an  enormous  surface,  and  gives  the  gas  a 
chance  to  be  absorbed.  The  first  reagent  put  in  is  caustic 
soda  solution  (1  in  5),  to  absorb  carbon  dioxide.  A  little 
water  is  then  added,  to  wash  out  the  capillary  tube  of  the 
funnel,  and  a  little  is  also  forced  from  the  middle  tube.  The 
upper  surface  of  the  fluid  in  the  laboratory  tube  is  then  nearly 
clear  water.  The  gas  is  driven  into  the  middle  measuring 
tube  by  means  of  the  aspirator  bottles,  the  fluids  being  stopped 
,at  the  zero  point  above.  The  gas  should  not  be  measured  at 
once,  but  time  allowed  for  the  tube  to  drain.  In  order  to  allow 
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the  water  to  settle  uniformly,  the  lower  and  upper  stop-cocks 
in  the  laboratory  tube  are  opened,  the  sodium  hydroxide  and 
carbonate  solution  allowed  to  drain  out,  and  the  tube  washed 
with  clean  water.  The  water  is  now  passed  up  into  the 
laboratory  tube  from  its  aspirator  bottle  below,  and  through 
the  top  of  the  tube  at  the  funnel  point,  to  expel  the  air.  The 
loss  of  volume  in  the  middle  measuring  tube  gives  the  C02 
in  the  gas.  The  next  step  is  the  introduction  of  the  gas  into 
the  laboratory  tube,  again  by  means  of  the  aspirator  bottles 
and  the  bringing  up  of  the  water  from  the  central  tube  into 
the  capillary  tube  above  the  laboratory  tube.  Two  or  three 
drops  of  liquid  bromine  are  now  introduced,  using  a  little 
clean  water  in  the  funnel.  Too  much  bromine  must  be 
avoided,  or  the  gas  will  expand  so  much  from  the  Br  vapours 
that  it  will  pass  through  the  rubber  tubing  into  the  aspirator 
bottle  and  be  lost.  As  the  bromine  enters  it  is  volatilised, 
and  the  bromo-benzene  and  other  bromo-hydrocarbons  con- 
dense on  the  sides  of  the  laboratory  tube.  After  this  some 
caustic  soda  is  run  into  the  funnel,  and  thence  to  the  tube, 
to  absorb  the  bromine  vapours.  As  soon  as  these  are  absorbed, 
the  stop-cocks  are  washed  with  water.  After  the  transfer  of 
the  gas  to  the  middle  tube,  as  before,  the  contents  of  the 
laboratory  tube  are  washed  into  the  waste  below.  The  differ- 
ence between  the  last  and  the  former  reading  on  the  measuring 
tube  is  called  "  illuminants."  The  same  series  of  operations 
is  repeated  in  regard  to  allowing  the  water  to  settle  a  definite 
time  in  the  measuring  tube,  as  was  previously  mentioned, 
in  order  to  ensure  a  correct  reading.  Pyrogallol  solution  in 
water  (1  in  10)  and  the  sodium  hydroxide  solution  (used  as 
above),  mixed  together  in  equal  volumes,  are  used  to  absorb 
oxygen,  and  the  cuprous  chloride  solution  in  HC1  is  used 
to  take  out  carbon  monoxide.  This  cuprous  chloride  solution 
is  troublesome  in  the  transfer  of  the  gas  between  the  tubes. 
Between  the  absorption  and  the  transference  of  the  CO,  water 
is  added  to  the  laboratory  tube  to  wash  out  the  reagent,  and 
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to  absorb  the  HC1  vapours.  This  water  will  make  the  fluid 
milky,  but  there  will  be  a  little  clear  water  on  the  top,  which 
alone  must  be  transferred.  The  residue  of  the  gas  which 
is  in  the  measuring  tube  consists  of  hydrogen,  nitrogen, 
methane,  and  possibly  some  other  hydrocarbon  whose  nature 
is  not  v/ell  known.  The  gas  in  the  measuring  tube  is  drawn 
into  the  jacketed  explosion  tube  by  its  aspirator  bottle.  For 
the  test  12  or  13  cc.  are  sufficient.  Six  or  seven  times  its 
volume  of  air  is  added  from  a  quantity  drawn  into  the  labo- 
ratory tube  for  this  purpose.  Eejecting  the  excess  of  air  from 
the  laboT'atory  tube,  this  is  used,  with  the  explosion  tube  and 
the  two  aspirator  bottles,  to  transfer  the  gas  and  air  mixtures 
several  times  between  the  explosion  and  the  laboratory  tubes, 
so  as  to  thoroughly  mix  the  gases.  After  the  final  transfer 
to  the  explosion  tube,  several  minutes  are  allowed  to  elapse 
before  making  a  reading,  in  order  to  let  the  water  drain  down 
to  the  proper  level.  The  mixture  is  exploded  by  a  spark 
from  an  induction  coil,  and  the  contraction  "  C  "  read  after 
several  minutes.  Transferring  the  gas  to  the  laboratory 
tube,  the  C02  is  removed  from  the  mixture  by  means  of  the 
sodium  hydroxide  solution,  and  the  gas  is  returned  to  the 
central  tube  for  measurement,  with  the  usual  precautions  as 
to  waiting.  This  loss  is  called  "  D."  The  pyrogallate  mix- 
ture first  used  for  oxygen  in  the  original  gas  is  then  added, 
and  the  excess  of  oxygen  is  determined.  If  there  is  not  an 
excess  of  oxygen,  the  exploded  mixture  will  contain  carbon 
monoxide,  and  the  explosion  must  be  repeated,  using  another 
portion  of  the  gas  residuum  from  the  middle  measuring  tube, 
adding  more  air  to  make  the  explosion  mixture.  It  is  rarely 
that  more  than  two  explosions  are  necessary,  but  about  0*5 
to  1  per  cent,  of  oxygen  must  be  in  excess  to  get  the  best 
results.  After  absorbing  the  oxygen  and  measuring  the 
remainder  (the  nitrogen),  the  nitrogen  contained  in  the  air 
used  for  the  explosion  is  subtracted  from  the  residual  nitro- 
gen, the  balance  being  the  nitrogen  in  the  portion  of  the 
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residuum  of  gas  which  was  used  for  the  explosion  and  is 
calculated  to  the  original  gas  residuum.  The  figures  "  0  " 
and  "  D  "  are  used  in  calculation  by  the  following  formula 

2  "  C  "  —  4  "  D" 

=  hydrogen.     The  difference  between  the 

G 

sum  of  the  constituents  determined  and  100  is  put  down 
as  methane.  It  will  be  found  if  the  analysis  is  skilfully  con- 
ducted, that  the  figure  "  D  "  will  also  equal  methane,  and  it 
further  serves  as  a  check  on  results.  With  this  apparatus  a 
complete  coal-gas  analysis  can  be  completed  in  from  30  to  40 
minutes. 


GAS  ANALYSIS  BY  MEANS  OF  BUNTE'S  APPARATUS. 

Analysis  of  Furnace  Gases. 

159.  These  may  be  conveniently  determined  by  means  of 
the  apparatus  devised  by  Dr.  Biinte,  late  of  the  gasworks, 
Munich.  The  following  is  a  description  of  the  apparatus  and 
method  of  using  it : — 

A  and  B,  Fig.  62,  are  two  burettes  fitted  with  three- 
way  cocks,  each  graduated  in  fifths  of  a  c.c.,  and  capable  of 
holding  110  c.c. ;  T,  a  one-gallon  tubulated  bottle,  serving  as 
a  water  reservoir,  and  F  an  aspirator.  The  burette  is  filled 
by  opening  the  stop-cocks  b  and  a,  and  allowing  water  from 
the  bottle  T  to  enter  the  burette  till  it  nearly  fills  the 
funnel  t.  The  stop-cock  should  then  be  closed  and  the 
india-rubber  tube  detached  from  the  bottom  of  the  burette. 
The  longitudinal  bore  of  the  stop-cock  a  is  now  connected 
with  the  tube  supplying  the  gas  to  be  examined,  and  the 
gas  aspirated  by  running  the  water  out  of  the  burette  by 
means  of  the  stop-cock  6.  Rather  more  than  100  c.c.,  say, 
105  G.C.,  of  gas  should  be  allowed  to  enter  the  burette, 
and  the  exact  adjustment  to  the  zero  mark  then  made  as 
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FIG.  62 
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follows : — By  means  of  the  bottle  T  sufficient  water  should 
be  forced  into  the  burette  to  compress  the  gas  to  about 
95  c.c. ;  then  b  is  closed,  the  bottle  T  is  detached,  and  by 
cautiously  turning  the  tap  b  the  water  is  run  out  again 
exactly  to  the  zero  mark.  The  gas  is  still  under  a  plus 
pressure,  and  now  that  pressure  has  to  be  established  at  which 
every  reading  offhas  to  take  place  with  this  apparatus.  For 
this  purpose  the  funnel  t  should  be  filled  with  water  up  to 
the  mark,  when,  on  opening  the  tap  a  for  an  instant  the 
excess  of  gas  will  escape  through  the  water.  The  burette 
now  contains  exactly  100  c.c.  of  gas  at  the  pressure  of  the 
atmosphere,  plus  the  pressure  of  the  column  of  water  standing 
in  the  funnel  t. 

Determination  of  Carbonic  Acid. 

160.  The  tuber  of  the  aspirator  F  is  connected  to  the 
bottom  of  the  burette,  suction  applied  at  S,  stop-cock  6 
opened,  and  as  much  water  as  can  be  aspirated  allowed  to  run 
out.  The  stop-cock  should  then  be  closed,  the  tube  removed, 
and  the  end  of  the  burette  dipped  into  a  strong  solution  of 
caustic  potash.  On  opening  the  stop-cock  b  a  quantity  of 
the  solution  will  enter  the  burette.  (Care  should  be  taken 
that  the  bottom  of  the  burette  is  always  immersed  in  the  solu- 
tion, or  air  would  enter  and  so  spoil  the  experiment.)  When 
the  solution  has  entered  the  burette,  the  stop-cock  b  should 
be  closed,  the  burette  taken  from  its  support,  and  the  hand  of 
the  operator  being  firmly  placed  on  <,  the  contents  of  the  bu- 
rette should  be  vigorously  shaken  up  with  the  solution,  when, 
if  the  solution  of  potash  employed  has  been  strong  enough,  it 
will  be  found  that  the  whole  of  the  CO2  has  been  absorbed ; 
therefore,  on  opening  the  stop-cock  a  and  allowing  water  to 
flow  down  until  the  normal  atmospheric  pressure  is  reached 
(which  is  shown  by  the  water  ceasing  to  flow),  and  filling 
the  funnel  up  to  mark,  on  reading  off  the  amount  absorbed 
by  the  caustic  potash  =  percentage  of  CO2. 
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Determination  of  Oxygen. 

161.  The  caustic  potash  solution  should  be  drawn  off  by 
means  of  the  aspirator,  and  an  alkaline  solution  of  pyrogallic 
acid  applied  in  the  same  manner  as  in  the  estimation  of  C02  ; 
if  oxygen  is  present,  the  solution  immediately  turns  black.  The 
gas  should  be  well  shaken  up  with  the  solution,  but  in  this 
case  the  absorbing  liquid  is  not  so  active  as  the  potash.     It 
will  thus  be  necessary  to  see  if  the  gas  will  take  up  any  more 
of  the  solution.     Therefore,  having  replaced  the  burette  in  its 
support,  the  solution  should  again  be  applied  to  the  burette, 
whereupon  some  of  the  liquid  will  enter  in  the  place  of  the 
absorbed  gas.     The  burette  should  then  be  well  shaken,  and 
the  solution  applied  again,  when,  if  the  liquid  remains  at 
the  same  level  as  it  previously  stood  at,  the  absorption  is 
complete ;   otherwise  the  process   must  be  continued  until 
there  is  no  further  absorption.     After  the  reduction  of  the 
contents  of  the  burette  to  normal  pressure,  the  difference 
between  the  volume  now   observed   and  that  at  the  com- 
mencement, after  the  abstraction  of  the  C02,  will  give  the 
percentage  of  0. 

Determination  of  Carbonic  Oxide. 

162.  If  oxygen  has  been  proved  to  be  present,  carbonic 
oxide  will  most  likely  be  absent,  unless  the  gases  have  been 
brought  together  at  a  temperature  insufficient  to  promote 
their  combination.     Carbonic  oxide  and  hydrogen  are  most 
conveniently  estimated  by  combustion,  as  under. 

The  burette  should  first  be  cleared  from  the  solution  of 
alkaline  pyrogallate,  by  opening  the  cocks  a  and  b,  and 
allowing  a  stream  of  water  to  run  through  the  burette  until 
clean,  taking  the  precaution  to  always  keep  the  funnel  t 
sealed.  It  is  now  necessary  to  mix  the  gases  with  an  ex- 
cess of  air,  but  as  the  burette  would  not  hold  sufficient  to 
combine  with  the  whole  of  the  gases  generally  present,  it 

R  2 
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is  requisite  to  expel  a  portion  and  work  on,  say,  half  the 
volume.  For  instance,  if  100  c.c.  were  originally  taken,  and 
there  were  found  10  per  cent  of  C02,  on  driving  out  gas 
until  it  measured  45  c.c.  we  would  get  the  equivalent  of 
half  the  volume  originally  present.  The  air  is  admitted 
by  placing  the  cock  a  in  communication  with  the  burette, 
opening  the  pinch-cock  at  c,  and  allowing  water  to  flow  out 
at  b.  This  should  be  continued  until  the  water  level  is  two 
or  three  divisions  below  zero,  when  the  cock  b  and  the 
pinch-cock  should  be  closed,  the  contents  of  the  burette 
brought  to  the  normal  pressure,  and  the  reading  of  the 
burette  taken,  the  contents  of  the  burette  having  been  pre- 
viously well  shaken  up  so  as  to  mix  the  gases  with  the  air. 
Connection  should  then  be  made  between  the  burettes  A  and 
B,  uniting  the  two  at  the  india-rubber  tubes  C  and  C'  by 
means  of  a  piece  of  glass  combustion  tubing  containing  a 
small  coil  of  palladium  wire.  The  burette  B  should  pre- 
viously have  been  filled  with  water  in  the  usual  manner. 
The  palladium  wire  in  the  combustion  tube  should  be 
brought  to  a  red  heat  by  means  of  a  Bunsen  burner,  and  the 
gas  in  the  burette  is  caused  to  pass  from  A  over  the  heated 
wire  into  B  by  opening  b  and  c,  connecting  the  water-supply 
T  with  bottom  of  burette  A.  When  all  the  gas  from  A  has 
passed  over  (shown  by  the  burette  being  full  of  water)  the 
operation  is  reversed,  the  gas  being  again  collected  in  A.  It  is 
then  allowed  to  stand  until  the  normal  temperature  is  attained, 
adjusted  for  pressure,  and  the  volume  then  read  off,  and  this 
reading  kept  for  reference.  A  solution  of  caustic  potash 
should  then  be  applied  in  the  manner  described  for  the 
estimation  of  C02,  and  the  diminution  in  volume  also  noted. 
163.  In  order  to  work  out  the  calculations,  it  will  be 
necessary  to  notice  what  action  takes  place  during  the  com- 
bustion. The  gases  to  be  dealt  with  are  hydrogen,  carbonic 
oxide  and  nitrogen,  mixed  with  an  excess  of  air ;  by  passing 
over  the  red  hot  palladium  wire,  the  oxygen  of  the  air  com- 
bines with  the  carbonic  oxide  CO,  to  form  carbonic  anhydride, 
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C02 ;  (CO  +  O  =  C02)  and  with  the  hydrogen  to  form 
water,  H2O ;  (H2  -f  O  =  H20)  the  nitrogen  of  course  not 
being  affected.  Now,  supposing  that  after  igniting  the 
gases  and  treating  the  residue  with  caustic  potash,  a  diminu- 
tion in  volume  of  10  c.c.  was  observed,  this  would  be  equal  to 
10  c.c.  of  'CO,  for  each  volume  of  CO  produces  an  equal 
volume  of  C02,  and,  as  only  half  the  original  volume  taken 
was  treated,  on  multiplying  the  result  by  two,  the  true 
percentage  of  CO  will  be  obtained.  Supposing,  also,  that 
after  ignition,  but  before  treatment  with  KHO,  there  was  a 
diminution  in  the  volume  of  10  c.c.,  this  would  be  due  partly 
to  the  combination  of  the  hydrogen  with  the  oxygen,  and 
partly  to  the  combination  of  the  carbonic  oxide  with  the 
oxygen.  The  CO  would  require  half  its  volume,  or  5  c.c.  of 
oxygen  ;  therefore,  on  deducting  5  c.c.  from  the  10  c.c.  due  to 
combustion,  we  get  5  c.c.  as  a  result  of  the  combination  of 
the  hydrogen  with  the  oxygen.  Hydrogen  combines  with 
oxygen  to  form  water,  in  the  proportion  of  two  volumes  to 
one;  consequently,  on  multiplying  5  by  §  we  get  3 -3  c.c.  as 
the  number  of  c.c.  of  hydrogen,  and  this  multiplied  by  2, 
gives  6' 6  as  the  percentage  of  hydrogen.  Nitrogen  is 
calculated  by  difference. 

164.  In  order  to  effect  the  estimation  of  CO  by  absorption, 
it  is  necessary  to  remove  every  trace  of  the  pyrogallate  solu- 
tion by  the  use  of  the  funnel  and  the  suction  bottle.     This 
done,  a  concentrated  solution  of  cuprous  chloride  in  HC1  is 
applied  to  the  bottom  of  the  burette  in  the  usual  manner. 
When  absorption  is  complete  the  Cu2Cl2  is  drawn  off,  the 
tube  washed,  and  treated  with  a  solution  of  KHO,  for  the 
purpose  of  absorbing  any  HC1  vapour  which  may  have  been 
liberated  in  the  reaction.     After  bringing  to  correct  pressure, 
the  reading  shows  the  percentage  of  CO. 

165.  The  gas  may  be  conveniently  taken  off  by  tightly 
inserting  a  wrought  iron  tube,  or  preferably  an  inner  plat- 
inum tube  encased  by  an  outer  tube  of  wrought  iron,  into 
the  furnace  or  flue,  and  then  aspirating  into  a  suitable  vessel, 
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taking  every  precaution  to  prevent  any  air  mixing  with  the 
gases,  by  aspirating  a  sufficient  quantity.  The  sample  may 
then  be  transferred  to  the  laboratory  for  analysis. 


GAS  ANALYSIS  BY  MEANS  OF  THE  ORSAT-MUENCKE 
APPARATUS. 

166.  An  extremely  useful  piece  of  apparatus  for  perform- 
ing the  technical  gas  analyses  required  on  gas-works  is  that 
known  as  the  Orsat-Muencke,  improved  and  made  by  Messrs. 
P.  Harris,  of  Edmund  Street,  Birmingham. 

The  apparatus  is  applicable  for  the  estimation  of  the 
absorbable  constituents  of  such  gaseous  mixtures  as  crude 
coal  gas,  water  gas,  furnace  and  chimney  gases,  etc.  It  con- 
sists of  a  measuring  tube  A,  graduated  into  100  c.c.,  the 
lower  part  being  subdivided  into  ^  c.c.  This  tube,  which  is 
surrounded  by  a  water-jacket,  for  the  maintenance  of  a  con- 
stant temperature,  is  connected  at  the  bottom  by  means  of 
india-rubber  tubing  with  a  bottle  B  known  as  the  levelling 
bottle,  which  should  be  about  two-thirds  filled  with  water. 

The  upper  capillary  end  of  A  is  connected  by  means  of 
thick-walled  tubing  to  one  end  of  the  capillary  tube  C,  the 
other  end  of  which  is  furnished  with  a  three-way  stop-cock 
D.  Three  (or  more  if  required)  stop-cocks,  E,  E',  E",  are 
fixed  on,  and  at  right  angles  to  the  capillary  tube  C,  and 
communicate  by  means  of  thick-walled  india-rubber  tubing 
with  the  absorption  pipettes,  F,  F',  F".  The  latter  are  TJ- 
shaped  vessels,  having  the  compartments  attached  to  the 
stop-cocks  filled  with  thin-walled  glass  tubes,  for  the  purpose 
of  exposing  a  large  surface  of  the  absorbent  when  gas  is 
admitted. 

167.  The  pipettes  are  filled  with  such  absorbent  liquids  as 
are  required  by  the  gas  which  is  to  be  analysed ;  for  instance, 
with  unpurified  coal-gas,  F  may  be  filled  with  a  20  per  cent, 
solution  of  cadinic  chloride  which  will  remove  all  the  sul- 
phuretted hydrogen,  F'  with  a  50  per  cent,  solution  of  caustic 
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potash  for  the   removal   of  carbonic   acid,  and  F"   with   a 
mixture  of  two  parts  by  volume  of  a  50  per  cent,  solution  of 
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caustic  potash  and  one  part  of  a  20  per  cent,  solution  of  pyro- 
gallic  acid  for  the  absorption  of  oxygen.  Enough  of  the 
absorbent  must  be  used  to  rather  more  than  fill  that  limb  of 
the  pipettes  which  contains  the  tubes,  and  will  be  found 
sufficient  for  about  100  analyses.  It  is  necessary  to  protect 
the  pyrogallate  of  potash  from  the  oxygen  of  the  atmosphere, 
which  may  be  done  by  connecting  the  open  limb  of  pipette 
F'"  by  means  of  thick-walled  tubing  to  the  vessel  G,  which 
cuts  off  communication  with  the  atmosphere  by  means  of  a 
water  seal.  The  air  at  first  contained  in  G  is  speedily 
deprived  of  its  oxygen,  and  no  further  deterioration  of  the 
absorbent  can  take  place  from  this  source. 

A  fourth  stop-cock  and  absorption  pipette,  to  contain 
Nordhausen  sulphuric  acid,  is  supplied  for  the  estimation  of 
heavy  hydrocarbons  (benzene,  ethylene,  etc.). 

168.  For  the  anaylsis  of  chimney  and  furnace  gases,  F 
should  be  filled  with  the  caustic  potash  solution  for  carbonic 
acid  (C02),  F'  with  pyrogallate  of  potash  for  oxygen  (O2),  and 
F"  with  a  strong  solution  of  cuprous  chloride  in  hydrochloric 
acid  for  the  absorption  of  carbonic  oxide  (CO).  It  is  well  to 
have  a  fourth  pipette  also  filled  with  cuprous  chloride,  for 
treating  the  gas  after  the  bulk  of  the  carbonic  oxide  has  been 
removed  in  F".  Pipettes  containing  cuprous  chloride  should 
be  filled  with  copper  wire  spirals,  instead  of  glass  tubes,  and 
must  be  connected  to  vessel  G,  so  as  to  protect  the  absorbent 
from  the  atmosphere.  The  absorbents  should  just  reach  to 
the  under  part  of  the  stop-cocks  E,  E',  E",  with  the  exception 
of  Nordhausen  acid,  which  should  stand  in  the  capillary  tube 
of  the  pipette  at  a  mark  made  a  short  distance  below  the 
connecting  india-rubber  tubing.  The  manipulation  of  the 
apparatus  is  as  follows.  The  measuring  tube  A.  is  filled 
with  the  gas  to  be  analysed  by  placing  the  levelling  tube  B 
on  the  top  of  the  case,  and  turning  the  stop-cock  D  so  as  to 
put  the  measuring  tube  in  connection  with  the  atmosphere. 

1C9.  As  soon  as  the  water  reaches  the  top  of  A  (it  should 
never  enter  the  capillary  C),  cut  off  the  communication  at  D. 
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Then  if  the  gas  to  be  examined  be  under  pressure,  connect 
the  end  of  capillary  tube  0  with  source  of  supply,  and  allow 
the  gas  to  blow  through  side  opening  of  the  three-way  stop- 
cock D,  to  displace  any  air  in  the  connecting  tubing.  Turn 
the  stop-cock  D  so  as  to  put  the  gas  supply  in  communication 
with  the  measuring  tube  A,  and  lower  the  levelling  bottle  B 
until  the  gas  fills  the  tube  to  a  little  below  the  zero,  gra- 
duation, and  then  close  the  stop-cock  D.  In  case  the  gas 
should  not  be  under  pressure,  it  will  be  necessary  to  displace 
the  air  in  connecting  tubes  by  means  of  a  small  india-rubber 
aspirator  placed  in  connection  with  the  side  opening  of  stop- 
cock D.  When  this  is  done,  the  measuring  tube  may  be 
filled  as  before. 

Now  raise  the  levelling  bottle  B  until  the  gas  is  com- 
pressed and  the  water  rises  in  the  measuring  tube  to  a  little 
above  the  zero  graduation. 

Put  a  pinch-cock  on  the  india-rubber  connecting  tube, 
place  the  levelling  bottle  on  the  working  bench,  and 
cautiously  open  the  pinch-cock  until  the  bottom  of  the  water 
meniscus  just  touches  the  zero  graduation.  Then  momen- 
tarily pull  out  and  replace  stop-cock  D,  and  there  remain 
exactly  100  c.c.  of  the  gas  at  the  prevailing  atmospheric 
pressure. 

To  analyse  the  gas,  place  the  levelling  bottle  B  on  the 
top  of  the  case,  remove  the  pinch-cock  from  the  india-rubber 
connecting  tube,  and  open  the  cock  E,  when  the  gas  will 
pass  into  the  absorbing  pipette  F.  When  it  has  all  passed 
in,  lower  the  levelling  bottle  B  until  the  absorbing  liquid  in 
F  nearly  reaches  the  stop-cock  E,  then  put  B  again  on  the 
top  of  the  case  to  force  gas  once  more  into  the  pipette  F. 

Now  cautiously  lower  the  levelling  bottle  B  with  the 
right  hand,  and  shut  the  stop-cock  E  with  the  left  as  soon  as 
the  absorbent  reaches  its  under  side.  Upon  holding  the 
levelling  bottle  B  at  the  back  of  measuring  tube  A,  so  that 
the  water  in  both  are  of  the  same  level,  the  diminution  in 
volume  of  the  gas  may  be  read  off. 
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This  represents  the  percentage  of  that  constituent  of  the 
gas  analysed,  which  can  be  absorbed  by  the  liquid  in  F. 
The  whole  of  the  above  operations  can  be  performed  with 
great  care  in  a  few  minutes.  It  will  be  found  that  three 
passages  of  the  gas  into  each  absorbing  pipette  are  sufficient, 
with  the  exception  of  the  cuprous  chloride  pipette,  the  re- 
moval of  carbonic  oxide  requiring  rather  longer  treatment. 

After  having  used  the  Nordhaiisen  acid  and  cuprous 
chloride  pipette,  the  gas  must  be  passed  once  or  twice  into 
the  caustic  potash  pipette  before  measurement  in  order  to 
remove  acid  fumes. 

170.  Should  there  be  any  tar  or  soot  in  the  gas  to  be  ex- 
amined, a  small  U-tube  containing  a  plug  of  cotton  wool, 
should  be  inserted  between  the  apparatus  and  the  source  of 
gas  supply. 

All  the  stop-cocks  should  be  kept  well  lubricated  with 
vaseline  or  resin  cerate,  or  preferably,  by  a  mixture  of  two 
parts  of  caoutchouc  and  one  part  of  vaseline,  made  by  melting 
the  caoutchouc  in  a  covered  crucible,  adding  the  vaseline, 
and  stirring  until  the  mixture  is  cold. 


DETERMINATION  OF  THE  CALORIFIC  POWER  OF  GAS. 

171.  Owing  to  the  fact  that  gas  is  now  very  largely  used 
for  heating  purposes,  and  that  the  light  obtainable  from  the 
various  forms  of  incandescent  burners  is  derived  from  the 
heat  given  out  by  the  gas  on  combustion,' it  is  important  for 
the  gas  engineer  to  be  able  to  determine  the  heating  value 
of  his  gas,  and  this  information  can  be  expeditiously  arrived 
at  by  means  of  the  apparatus  known  as  the  Junker  calo- 
limeter,  from  the  name  of  the  inventor  Herr  Junker  of  Dessau. 
The  principle  on  which  the  apparatus  works  is  that  the  heat 
generated  by  the  flame  of  any  gas  under  experiment,  is 
transmitted  to  a  current  of  water  flowing  at  a  constant  rate 
through  the  apparatus,  and  the  data  required  in  order  to 
arrive  at  the  heating  value  of  the  gas  are  (1)  the  quantity  of 
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gas  burned  ;  (2)  the  quantity 
of  water  passed  through  the 
apparatus ;  (3)  the  difference 
in  the  temperature  of  the 
water  on  entering  and  leav- 
ing the  apparatus,  and  (4) 
the  amount  of  water  result- 
ing from  the  condensation 
of  the  products  of  combus- 
tion. 

The  construction  of  the 
apparatus  is  shown  in  Figs. 
64 and  65. 

172.  The  gas  under  ex- 
periment is  caused  to  burn 
in  a  combustion  chamber 
formed  by  an  annular  cop- 
per vessel  A  (Fig.  65),  the 
annular  space  being  tra- 
versed by  a  great  number 
of  copper  tubes  B  which 
connect  the  roof  with  the 
bottom  chamber. 

The  products  of  combus- 
tion pass  through  these  tubes 
in  a  downward  direction 
whilst  a  current  of  water 
ascends  outside  the  tubes  in 
the  opposite  direction.  By 
this  arrangement  all  the 
heat  given  out  by  the  flame 
is  transferred  to  the  water, 
and  the  spent  gases  pass 
away  through  the  side  con- 
duit C,  at  the  temperature 
of  the  atmosphere. 
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The  water  resulting  from  the  condensation  of  the  products 
of  combustion  falls  to  the  bottom  of  the  apparatus,  whence  it 
passes  through  the  small  tube  G  into  a  graduated  glass 
measure.  The  pressure  of  water  is  kept  constant  by  means 
of  the  two  overflows  D  and  E,  the  water  being  run  into  the 
upper  one  D  at  a  greater  rate  than  it  passes  through  the 
apparatus,  any  excess  running  to  waste  through  the  overflow 
pipe,  whilst  the  water  on  leaving  the  apparatus  has  to  pass 
over  the  top  of  the  funnel  in  E,  thus  maintaining  a  constant 
head  of  water,  and  resulting  in  a  uniform  flow  of  the  liquid 
through  the  calorimeter.  A  baffle  plate  surrounds  the  lower 
ends  of  the  tubes  to  ensure  an  even  distribution  of  the  water, 
and  in  the  neck  of  the  apparatus  several  discs  with  cross  slots 
are  provided  to  ensure  thorough  mixing  of  the  heated  water 
before  it  reaches  the  thermometer.  The  rate  of  flow  is  regu- 
lated by  the  cock  F.  Before  entering  the  calorimeter  the 
water  passes  over  the  bulb  of  the  inlet  thermometer  H,  and 
after  traversing  the  annular  chamber  flows  through  the  baffle 
plates  previously  described  before  it  reaches  the  outlet 
thermometer  I,  from  whence  it  passes  to  the  overflow  E, 
where  it  is  collected  and  measured.  In  order  to  prevent 
radiation,  the  whole  body  of  the  apparatus  is  enclosed 
in  an  air-jacket  formed  by  a  highly  polished  nickel-plated 
copper  cylinder.  After  the  thermometers  have  been  placed 
in  position  the  water  supply  is  turned  on  by  the  cock  F, 
Fig.  65,  and  when  it  is  running  from  both  overflows,  the 
gas  is  lit  (outside  the  combustion  chamber  in  order  to  avoid 
explosions  of  accumulated  gas)  and  burnt  at  the  rate  of  from 
4  to  8  cubic  feet  per  hour,  the  burner  being  fixed  so  that  the 
bottom  of  the  flame  is  5  to  6  inches  above  the  lower  edge  of 
the  apparatus. 

It  will  then  be  noticed  that  the  temperature  of  the  water 
at  the  discharge  will  begin  to  rise,  and  after  a  few  minutes 
the  outlet  thermometer  will  remain  practically  stationary ; 
the  speed  of  the  water  passing  through  the  apparatus  is  then 
regulated  by  the  cock  F,  so  that  there  is  a  difference  in  tern- 
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peratures  between  the  inlet  and  outlet  thermometers  of  10  to 
20  degrees  Centigrade.  As  soon  as  the  difference  is  nearly 
constant  and  the  condensed  water  is  dripping  regularly  from 
the  pipe  G,  the  test  is  commenced  by  waiting  until  the  index 
of  the  gas  meter  which  registers  the  gas  consumed  by  the 
flame,  passes  any  particular  point  (which  must  be  noted),  and 
then  quickly  shifting  the  hot  water  tube  from  over  the 
funnel  into  the  measuring  glass,  and  placing  a  smaller 
cylinder  under  the  condensed  water  outlet.  Readings  of  the 
inlet  thermometer  are  then  taken  every  minute,  and  of  the 
outlet  thermometer  every  half  minute  ;  the  test  is  continued 
until  about  1  cubic  foot  of  gas  has  passed,  a  measuring  vessel 
being  chosen  which  will  hold  the  requisite  amount  of  water, 
so  that  when  this  is  filled  to  a  fixed  mark  the  gas  is  shut  off, 
and  the  measuring  cylinder  removed  from  the  condensed 
water  pipe.  We  have  now  all  the  data  for  making  the 
necessary  calculations,  which  are  extremely  simple. 

173.  The  unit  taken  is  the  larger  calorie  which  is  the 
amount  of  heat  required  to  raise  a  kilogram  of  water  1°  C. 
and  the  results  are  calculated  in  terms  of  the  calories  yielded 
by  the  combustion  of  1  cubic  foot  of  gas,  the  calorific  power 
being  found  from  the  equation — 

Calculated  power  of  1  cubic  foot 

_  volume  of  water  in  litres  x  diff.  in  temp, 
gas  consumed. 

The  following  is  an  example  as  given  by  Dr.  Harold  G. 
Colman  in  a  paper  read  before  the  Institution  of  Gas 
Engineers. 

Temperature  of  gas  62°  F.,  barometer  29-8";  water  used 
8  litres;  difference  in  temperature  18*3°  C. ;  gas  consumed 
0-935  cubic  feet  =  0-924  at  60°  and  30  inch  barometer ;  con- 
densed water  21  c.c.  The  gross  calorific  value  is  therefore 

1^>X J-—  =  1$S'4  calories  per  cubic  foot, 
* 
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which  is  the  calorific  power  of  the  gas  when  the  water  formed 
by  the  combustion  is  converted  into  the  liquid  state  in  the 
calorimeter.  In  the  condensation  of  the  aqueous  vapour  the 
whole  of  the  latent  heat  of  the  latter  is  given  up  to  the 
water  flowing  through  the  instrument,  and  this  is  therefore 
included  in  the  gross  value  ;  but  since  this  latent  heat  of  the 
aqueous  vapour  is  rarely  utilised  in  practice,  it  is  necessary 
in  order  to  obtain  the  true  calorific  power,  with  all  the  water 
formed  escaping  as  steam,  to  deduct  from  the  gross  value  an 
amount  corresponding  to  the  quantity  of  condensed  water 
obtained.  It  may  be  assumed  that  each  c.c.  of  condensed 
water  has  evolved  a  quantity  of  heat  equal  to  0  •  6  calorie, 
consequently  this  number  multiplied  by  the  number  of  c.c.  of 
water  condensed  and  divided  by  the  gas  consumed,  gives  the 
amount  which  must  be  deducted  from  the  gross  value  to 
obtain  the  calorific  power  with  the  steam  in  the  form  of  gas 
and  generally  spoken  of  as  the  net  calorific  power.  Thus  in 
the  above  example  21  c.c.  of  water  were  condensed  and  the 
quantity  to  be  deducted  is 

=  13-6 


making  the  net  calorific  value  158*  4  —  13-  6=  144  '8  calories: 
should  it  be  thought  desirable  to  express  the  results  in  British 
thermal  units,  the  number  of  calories  must  be  multiplied  by 
3-97. 

THE  BOYS  CALORIMETER. 

The  calorimeter  employed  when  working  according  to 
the  Instructions  of  the  London  Gas  Referees,  is  that  designed 
by  Mr.  Yernon  Boys,  one  of  the  Referees,  and  is  shown  in 
vertical  section  in  Fig.  66.  The  apparatus  consists  of  three 
parts,  which  may  be  separated,  or  which,  if  in  position,  may 
be  turned  relatively  to  one  another  about  their  common  axis. 
The  parts  comprising  the  apparatus  are  (1)  the  base  A, 
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carrying  a  pair  of  burners,  B,  and  a  regulating  tap.  The 
upper  surface  of  the  base  is  covered  with  a  bright  metal 
plate  held  in  place  by  three  centring  and  lifting  blocks  C. 
The  blocks  are  so  placed  as  to  carry  (2)  the  vessel  D,  which 
is  provided  with  a  central  copper  chimney  E,  and  a  condensed 
water  outlet  F.  Eesting  upon  the  rim  of  the  vessel  D,  are 
(3),  the  water-circulating  system  of  the  calorimeter  attached 
to  the  lid  G.  Beginning  at  the  centre  where  the  outflow  is 
situated,  there  is  a  brass  box  which  acts  as  a  temperature- 
equalizing  chamber  for  the  outlet  water.  Two  dished  plates 
of  thin  brass,  K  K,  are  held  in  place  by  three  scrolls  of  thin 
brass,  L  L  L.  These  are  simply  strips  bent  round  like 
unwound  clock  springs,  so  as  to  guide  the  water  in  a  spiral 
direction  inwards,  then  outwards,  and  then  inwards  again  to 
the  outlet.  The  lower  or  pendant  portion  of  this  box  is  kept 
cool  by  circulating  water,  the  channel  for  which  may  be 
made  in  the  solid  metal,  as  shown  on  the  right  side,  or  by 
sweating  on  a  tube,  as  shown  on  the  left.  Connected  to  the 
water  channel  at  the  lowest  point  by  a  union,  are  five  or  six 
turns  of  copper  pipe,  such  as  is  used  in  a  motor  car  radiator 
of  the  kind  known  as  Clarkson's.  In  this  a  helix  of  copper 
wire  threaded  with  copper  wire  is  wound  round  the  tube, 
and  the  whole  is  sweated  together  by  immersion  in  a  bath  of 
melted  solder.  A  second  coil  of  pipe  of  similar  construction 
surrounds  the  first,  and  is  fastened  to  it  at  the  lower  end  by 
a  union.  This  terminates  at  the  upper  end  in  a  block,  to 
which  the  inlet  water  box  and  thermometer  holder  are 
secured  by  a  union  as  shown  at  0.  An  outlet  water  box  P 
and  thermometer  holder  are  similarly  secured  above  the 
equalizing  chamber  H.  The  lowest  turns  of  the  two  coils 
M  N  are  immersed  in  the  water,  which  in  the  first  instance 
is  put  into  the  vessel  D.  Between  the  outer  and  inner 
coils,  M  N,  is  placed  a  brattice  Q,  made  of  thin  sheet  brass 
containing  cork  dust  to  act  as  a  heat  insulator.  The  upper 
annular  space  in  the  brattice  is  closed  by  a  wooden  ring,  and 
that  end  is  immersed  in  melted  resin  and  beeswax  cement 
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to  protect  it  from  any  moisture  which  might  condense  upon 
it.  The  brattice  is  carried  by  an  internal  flange  which  rests 
upon  the  lower  edge  of  the  casting  H.  A  cylindrical  wall 
of  thin  sheet  brass,  a  very  little  smaller  than  the  vessel  D, 
is  secured  to  the  lid,  so  that  when  the  instrument  is  lifted 
out  of  the  vessel  and  placed  upon  the  table  the  coils  are 
protected  from  injury.  The  narrow  air  space  between  this 
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and  the  vessel  D  also  serves  to  prevent  interchange  of  heat 
between  the  calorimeter  and  the  air  of  the  room.  The  two 
thermometers  for  reading  the  water  temperatures,  and  a  third 
for  reading  the  temperature  of  the  outlet  air,  are  all  near 
together  and  at  the  same  level.  The  lid  may  be  turned 
round  into  any  position  relatively  to  the  gas  inlet  and  con- 
densed water  drip  that  may  be  convenient  for  observation, 
and  the  inlet  and  outlet  water  boxes  may  themselves  be 
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turned  so  that  their  branch  tubes  point  in  any  direction. 
A  regular  supply  of  water  is  maintained  by  connecting  one 
of  the  two  outer  pipes  of  the  overflow  funnel,  shown  in 
Fig.  67,  to  a  small  tap  over  the 
sink.  The  overflow  funnel  is 
fastened  to  the  wall  about  one 
metre  above  the  sink,  and  the 
other  outer  pipe  is  connected 
to  a  tube  in  which  there  is 
a  diaphragm  with  a  hole  about 
2'3  m.m.  in  diameter.  This 
tube  is  connected  to  the  inlet 
pipe  of  the  calorimeter.  A 
piece  of  stiff  rubber  tube,  long 
enough  to  carry  the  outflow 
water  clear  of  the  calorimeter, 
is  slipped  on  to  the  outflow 
branch,  and  the  water  is  turned 
on  so  that  a  little  escapes  by 
the  middle  pipe  of  the  over- 
flow funnel,  and  is  led  by  a 
third  piece  of  tube  into  the 
sink.  The  amount  of  water  that 
passes  through  the  calorimeter 
in  four  minutes  should  be  suf- 
ficient to  fill  the  graduated 
vessel  shown  in  Fig.  68  to 
some  point  above  the  lowest 
division,  but  insufficient  in  five 
minutes  to  come  above  the 
highest  division.  If  this  is  not 
found  to  be  the  case,  a  moderate 

lowering  of  the  overflow  funnel  or  reaming  out  of  the  hole 
in  the  diaphragm  will  make  it  so.  The  overflow  funnel  should 
be  provided  with  a  lid  to  keep  out  dust.  The  thermometers 
for  reading  the  temperature  of  the  inlet  and  outlet  water 
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should  be  divided  on  the  Centigrade  scale  into  tenths  of  a 
degree,  and  they  should  be  provided  with  reading  lenses  and 
pointers  that  will  slide  upon  them.  The  thermometers  are 
held  in  place  by  corks  fitting  the  inlet  and  outlet  water  boxes. 
The  positions  of  these  thermometers  should  be  interchanged 
every  month.  The  thermometers  for  reading  the  temperatures 
of  the  air  near  the  instrument  and  the  effluent  gas  should  be 
divided  on  the  Centigrade  scale  into  degrees.  The  flow  of 
air  to  the  burners  is  determined  by  the  degree  to  which  the 
passage  is  restricted  at  the  inlot  and  at  the  outlet.  The 
blocks,  C,  which  determine  the  restiiction  at  the  inlet,  are 
made  of  metal  •&  inch  or  about  5  millimetres  thick,  while 
the  holes  round  the  lid  which  determine  the  restriction  at 
the  outlet  are  five  in  number  and  are  f  inch  or  16  millimetres 
in  diameter.  The  thermometer  used  for  finding  the  temper- 
ature of  the  effluent  gas  is  held  by  a  cork  in  the  sixth  hole 
in  the  lid,  so  that  the  bulb  is  just  above  the  upper  coil  of 
rope.  The  calorimeter  should  stand  on  a  table  by  the  side 
of  a  sink,  so  that  the  condensed-water  and  hot- water  outlets 
overhang  and  deliver  into  the  sink.  A  suitable  change-over 
funnel  is  shown  in  Fig.  69.  A  pieee  of  indiarubber  tube 
reaching  nearly  to  the  base  should  be  attached  to  the  waste 
water  pipe  so  as  to  avoid  splashing,  and  another  piece  may 
conveniently  be  slipped  on  to  the  condensed  water  outlet,  so 
as  to  lead  the  condensed  water  into  a  flask,  but  care  should 
be  taken  that  the  small  side  hole  is  not  covered  by  the  tube. 
A  glass  vessel  must  be  provided  of  the  size  of  the  vessel  D, 
containing  water  in  which  is  dissolved  sufficient  carbonate 
of  soda  to  make  it  definitely  alkaline.  The  calorimeter,  after 
use,  is  to  be  lifted  out  of  its  vessel  D  and  placed  in  the 
alkaline  solution,  and  there  left  until  it  is  again  required 
for  use.  The  liquid  should  not,  when  the  calorimeter  is 
placed  in  it,  come  within  2  inches  of  the  top  of  the  vessel. 
The  liquid  must  be  replenished  from  time  to  time,  and  its 
alkalinity  must  be  maintained.  In  making  a  test  with  the 
instrument,  the  gas  first  passes  through  a  meter,  whose  drum 
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allows  one-twelth  of  a  cubic  foot  of  gas  to  pass  for  every 
revolution,  and  then  through  a  balance  governor.     It  is  then 


UJ-I     Ll    Ll    Ll    Ll    L   Mituncnws, 
FIG.  G9. 

led  to  the  gas  inlet  in  the  base  of  the  calorimeter.     The  gas 
is  turned  on  and  lighted,  and  the  top  of  the  calorimeter  is  so 
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adjusted  as  to  allow  the  meter  hand  to  make  one  turn  in 
from  60  to  75  seconds.  The  water  should  be  turned  on  so 
that  when  the  regular  flow  through  the  calorimeter  has  been 
established  a  little  may  pass  the  overflow  of  the  funnel  and 
trickle  over  into  the  sink.  Water  must  be  poured  in  through 
one  of  the  holes  in  the  lid  until  it  begins  to  run  out  at  the 
condensation  outlet.  The  calorimeter  may  then  be  placed 
upon  its  base.  The  measuring  vessel  carrying  the  change- 
over funnel  shown  in  Fig.  69  should  then  be  placed  in 
position  in  the  sink,  so  that  the  outlet  water  is  led  into  the 
sink.  The  hot  water  outlet  tube  of  the  calorimeter  should 
be  above  but  should  not  touch  the  change-over  funnel.  After 
an  interval  of  not  less  than  30  minutes,  the  Gas  Examiner, 
after  bringing  the  reading  glasses  into  position  on  the 
thermometer  used  for  measuring  the  temperature  of  the 
inlet  and  outlet  water,  makes  the  following  observations. 
When  the  meter  hand  is  at  75  he  reads  the  inlet  temperature ; 
when  it  reaches  100  he  moves  the  funnel  so  as  to  direct  the 
outflow  into  the  measuring  vessel  and  at  the  same  time  starts 
the  stop-clock.  When  the  meter  hand  reaches  25  the  first 
reading  of  the  outlet  temperature  is  taken,  and  the  readings 
of  the  outlet  temperatures  are  continued  at  every  quarter 
turn  until  fifteen  readings  have  been  taken.  The  meter 
hand  will  then  be  at  75.  Also,  at  every  turn  of  the  meter 
except  the  last  a  reading  of  the  inlet  thermometer  is  taken 
when  the  meter  hand  is  between  75  and  100.  When  the 
meter  hand  reaches  100  after  the  last  outlet  temperature  has 
been  read,  the  Gas  Examiner  shifts  the  funnel  so  as  to  direct 
the  outlet  water  into  the  sink  again,  and  at  the  same  time 
he  stops  the  clock.  The  height  of  the  barometer  and  the 
readings  of  the  thermometers  showing  the  temperatures  of 
the  effluent  gas,  of  the  air  near  the  calorimeter,  and  of  the 
gas  in  the  meter  are  also  taken,  and  the  time  shown  by  the 
stop-clock  recorded.  The  mean  of  the  four  readings  of  the 
inlet  temperature  is  to  be  subtracted  from  the  mean  of 
the  fifteen  readings  of  the  outlet  temperature,  and  the  differ- 
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ence  is  to  be  multiplied  by  3  and  by  the  number  of  litres  of 
water  collected,  and  the  product  is  to  be  divided  by  the 
tabular  number.  The  difference  in  degrees  Centigrade  of 
the  temperature  of  the  effluent  gas  and  of  the  surrounding 
air  shall  be  taken,  and  one-sixth  of  this  difference  shall  be 
added  to  the  result  previously  found  if  tke  effluent  gas  is 
the  warmer  of  the  two,  or  subtracted  if  the  effluent  gas  is 
the  cooler  of  the  two.  The  result  is  the  gross  calorific  power 
of  the  gas  in  calories  per  cubic  foot.  In  addition  to  the 
observation  previously  described,  the  amount  of  condensed 
water  resulting  from  the  combustion  of  the  gas  shall  be 
measured.  For  this  purpose  the  condensation  water  shall 
be  led  into  a  flask  not  less  than  20  minutes  after  the  calori- 
meter has  been  placed  into  position.  The  amount  collected 
in  not  less  than  30  minutes  shall  be  measured,  the  time  of 
collection  having  been  accurately  noted.  The  number  of 
cubic  centimetres  collected  shall  be  multiplied  by  the  number 
of  seconds  in  the  time  indicated  by  the  stop-clock,  and  by 
the  number  1*86.  The  number  of  seconds  in  the  time 
during  which  the  condensed  water  was  being  collected  shall  be 
multiplied  by  the  tabular  number.  The  first  product  shall 
be  divided  by  the  second.  Tke  quotient  is  to  be  subtracted 
from  the  gross  calorific  power.  The  difference  is  the  net 
calorific  power  in  calories  per  cubic  foot.  The  gross  and 
net  calorific  power  in  B.T.U.  can  be  obtained  by  multiplying 
the  corresponding  numbers  of  calories  by  3*968. 

174.  The  following  gives  the  gross  calorific  value  of  some 
of  the  principal  gases  in  B.T.U. : — 

Uncarburetted  water  gas    .....  276-293 

Carburetted  „       22  •  0  candle  (American)  749*9 

21-9      „      (English)   .  618-6 

„       22-7      „  „  677-1 

Coal  gas,  16-22  can-lies 650-750 

„        London  16-4  candles  ....  648  "8 

The  following  arc  the  calorific  values  of  each  of  the  com- 
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bustible  constituents  of  coal  gas,  assuming  that  none  of  the 
steam  resulting  from  the  burning  of  the  hydrogen  is  con- 
densed to  water : — 

Calorific  Power  of 
1  cubic  foci. 

B.T.U. 

Hydrogen 292-1 

Methane 961-2 

Ethane       1787' 1 

Propane     2561-8 

Butane 3378-7 

Pentane 4193-9 

Ethylene 1605-1 

Propylene 2382-1 

Butylene 3259 -6 

Benzene  (in  the  form  of  vapour)        .        .  3787  -  2 

Toluene 4464*7 

Carbon  monoxide 341  -0 

With  these  figures,  and  an  analysis  of  the  gas,  it  is 
possible  to  obtain  by  calculation  a  close  approximation  to  tlie 
calorific  value  of  any  sample  of  coal  gas. 


ESTIMATION  OF  CYANOGEN  IN  GAS. 

175.  Since  many  gas  works  now  extract  the  cyanogen 
from  their  gas,  the  following  method  for  the  estimation  of 
hydrocyanic  acid  in  coal  gas  will  be  of  service.  The  process 
consists  in  passing  a  measured  quantity  of  gas  through  a 
strong  solution  of  potash  to  which  a  small  quantity  of  sul- 
phate of  iron  has  been  added.  The  hydrocyanic  acid  in  the 
gas  combines  with  the  constituents  of  the  solution  to  form 
ferrocyanide  of  potassium ;  this  is  then  converted  into  Prussian 
blue,  from  the  weight  of  which  the  amount  of  HCN  in  the 
gas  may  be  calculated.  Three  small  Woulff's  bottles  are  filled 
with  a  mixture  in  the  proportion  of  4  parts  of  a  30  per  cent, 
solution  of  caustic  potash  and  1  part  of  a  10  per  cent,  solution 
of  sulphate  of  iron.  After  bubbling  through  the  bottle  the 
gas  passes  through  an  experimental  meter  at  the  rate  of  1  or 
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2  cubic  feet  per  hour  until  5  cubic  feet  have  passed.  At  the 
end  of  the  experiment  the  contents  of  the  bottles  are  poured 
into  a  flask  or  beaker,  and  then  treated  with  a  slight  excess 
of  hydrochloric  acid,  which  produces  a  precipitate  of  impure 
Prussian  blue,  the  impurities  being  tar  and  FeS04.  The 
precipitate  is  collected  on  a  filter,  redissolved  in  a  solution  of 
caustic  potash  and  reprecipitated  as  Prussian  blue  by  a  boiling 
solution  of  ferric  chloride.  The  Prussian  blue  precipitate  is 
allowed  to  settle,  the  supernatant  liquid  poured  off  and  the 
precipitate  well  washed  by  decantation.  It  is  then  brought 
on  to  a  filter  and  washed  with  hot  water  till  the  filtrate  is 
free  from  iron,  dried,  and  ignited  in  a  platinum  crucible,  with 
the  result  that  ferric  oxide  is  produced,  from  which  the  weight 
of  HCN  can  be  deduced,  560  parts  of  ferric  oxide  correspond- 
ing to  860  of  Prussian  blue.  The  amount  of  HCN  in  the  gas 
varies  from  33  to  100  grains  per  100  cubic  feet  according  to 
conditions,  the  principal  factor  being  the  temperature  of  dis- 
tillation. 

176.  The  amount  of  thiocyanic  acid  in  gas  may  be  esti- 
mated  in  a  similar   manner   to  that  given  above,  but  the 
WoulfFs  bottles  should  be  charged  with  a  solution  of  caustic 
potash  only.     The  resulting  liquid  after  the  passage  of  the  gas 
should  be  treated  with  sulphurous  acid  (S02)  and  a  solution 
of  copper  sulphate  (CuS04),  which  precipitates  the  CNS  as 
CuCNS,  which  is  afterwards  collected  on  a  filter,  dried  and 
weighed,  and  the  amount  of  NH4CNS  calculated  from  the 
weight  of  the  precipitate. 

177.  The  following  is  a  method  for  the  estimation  of  the 
total  ferrocyanides  in  the  cyanogen  liquor,  resulting  from 
the  extraction  of  the  cyanide  by  means  of  ferrous  sulphate. 

To  5  cubic  centimetres  of  the  well  mixed  sample  con- 
tained in  a  small  beaker  are  added  20  cubic  centimetres  of  a 
ten  per  cent,  solution  of  caustic  soda,  and  an  equal  quantity 
of  distilled  water,  the  whole  being  gradually  heated  to 
boiling,  and  allowed  to  boil  for  two  or  three  minutes. 

It  is  then  filtered,  and  the  residue  remaining  in  the  filter 
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washed  with  hot  distilled  water  until  free  from  alkali.  The 
filtrate  is  acidified  with  dilute  hydrochloric  acid  (1  HC1  to 
3  H20)  and  the  Prussian  blue  precipitated  by  an  excess  of 
ferric  chloride  solution,  the  operation  being  assisted  by 
gently  warming.  The  precipitated  Prussian  blue  is  collected 
upon  a  tared  filter  paper,  washed  with  hot  water  until 
free  from  acid,  and  dried  in  the  water  bath.  When  dry,  the 
precipitate  and  papers  are  washed  with  a  small  quantity 
of  carbon  bisulphide  solution  previously  dehydrated,  after 
which  they  are  allowed  to  stand  until  the  CS2  has  drained  off 
or  evaporated,  and  then  returned  to  the  water  bath  for  a 
short  time.  When  again  perfectly  dry,  they  are  placed  in 
a  desiccator,  allowed  to  cool,  and  weighed.  The  weight  of 
precipitate  in  grams  multiplied  by  2  =  Ibs.  of  Prussian  blue 
per  gallon  in  the  sample. 

VALUATION  OF  OILS  FOR  GAS-MAKING  PURPOSES. 

178.  With  the  introduction  of  carburetted  water  gas  and 
other  oil  gas  making  processes,  the  gas  engineer  is  frequently 
called  upon  to  express  an   opinion  as  to  the  suitability  or 

otherwise  of  samples  of  oil  for  gas-making  pur- 
poses, and  the   points  requiring  elucidation   are 
the  specific  gravity,  flash  point,  and  behaviour  on 
distillation.     Oil  is  frequently  bought  by  weight, 
and  this  is  calculated  from  its  volume  and  specific 
gravity ;  the  latter  information  can  be  roughly 
determined  by  the  hydrometer,  but  when  accuracy 
is  essential  it  is  necessary  to  employ  the  specific 
„     r-^       gravity  bottle  shown  in  Fig.  70,  which  consists- 
of  a  glass  bottle  holding   50   or   100   grams  of 
GRAVITY     distilled  water  and   fitted   in    the   neck  with   a 
BOTTLE,      perforated  stopper,  which  enables  the  bottle   to 
be  entirely  filled  with  the  liquid  under  examina- 
tion with  the  total  exclusion  of  air  bubbles. 

179.  After  the  bottle  has  been  filled  with  liquid,  which 
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should  bo  at  a  temperature  of  60°  F.,  the  stopper  is  dropped 
into  the  neck,  with  the  result  that  the  liquid  will  then  en- 
tirely fill  the  bottle  and  perforation  in  the  stopper,  a  small 
quantity  overflowing  from  the  perforation.  The  bottle  is 
then  wiped  dry  by  a  clean  cloth,  but  the  top  of  the  stopper 
should  be  wiped  by  the  dry  hand,  since  the  porous  cloth 
might  absorb  some  of  the  liquid  contained  in  the  capillary 
bore  of  the  stopper  and  thus  lower  the  level  of  the  liquid. 
The  bottle  is  then  weighed.  This  weight,  minus  the  weight 
of  the  empty  bottle,  will  give  the  weight  of  the  oil,  and  this 
divided  by  the  weight  of  water  contained  by  the  bottle  will 
give  the  specific  gravity  of  the  oil. 

The  bottles  are  usually  sold  with  the  weight  of  water 
they  contain  marked  on  them,  but  it  is  always  advisable  to 
check  this  weight,  the  principal  precaution  to  be  observed 
being  that  the  temperature  of  the  water  is  exactly  60°  F. 
If  the  temperature  of  the  water  is  below  60°  F.,  the  bottle 
may  be  held  in  a  vessel  of  ordinary  water  at  a  higher 
temperature,  while  if  the  temperature  is  above  60°,  this  may  be 
reduced  by  means  of  ice,  or  by  placing  in  the  containing  vessel 
a  few  crystals  of  ammonium  chloride  or  sodium  thiosulphate. 

180.  In  taking  the  specific  gravity  of  an  oil  should  it  be 
impossible  to  adjust  the  temperature  to  exactly  60°  F.,  then 
the  specific  gravity  may  be  corrected  to  that  temperature  by 
means  of  the  coefficient  of  expansion  of  the  oil,  which  in  the 
majority  of  cases  likely  to  be  met  with  may  be  taken  at 
0-00036  per  degree  Fahrenheit.  Now  the  average  specific 
gravity  of  petroleum  oils  may  be  taken  at  about  -850,  and 
assuming  in  place  of  the  temperature  being  GO0  F.  that  it 
was  66°  F.,  then  the  specific  gravity  -850  at  66°  would  at 
60°  be  found  as  follows  : — 

66 
-60 

—  6  X  -00036  =  -00216 
+  -85000 

•85216 
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The  specific  gravity  at  60°  F.  would  therefore  be  '85216. 

Where  large  stocks  of  oil  are  stored  the  coefficient  of  ex- 
pansion becomes  an  important  factor,  since  the  temperature 

of  the  oil  in  the  interior 
of  the  tanks  varies  with 
the  atmospheric  tem- 
perature, it  is  necessary 
when  calculating  the 
amount  of  oil  in  stock, 
to  adjust  for  tempera- 
ture by  means  of  the 
coefficient  of  expansion 
previously  alluded  to. 

181.  The  tempera- 
ture at  which  a  sample 
of  oil  commences  to 
give  off  sensible  quan- 
tities of  inflammable 
vapour  is  technically 
called  its  "flashing  or 
flash  point."  Clearly 
the  lower  the  tempera- 
ture at  which  an  oil 
flashes  the  more  dan- 
gerous its  transporta- 
tion, storage  and  use 
must  become,  conse- 
quently its  determina- 
tion is  one  of  great 
FIG.  71— ABEL-PENSKY  FLASH-POINT  importance.  The  flash 
APPARATUS.  point  ig  determined 

either  by  means  of  the 

Abel-Pensky  apparatus  shown  in  Fig.  71,  or  by  the  Pensky- 
Marten  apparatus  shown  in  Fig.  72,  both  of  which  are  ob- 
tainable from  Messrs.  P.  Harris  and  Co.,  Ltd.,  of  Edmund 
Street  Birmingham  ;  and  since  complete  instructions  for  use 
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are  furnished  with  each  apparatus,  a  description  is  not  here 
called  for. 

The  distillation  of  a  sample  of  oil  in  a  glass  retort 
frequently  affords  valuable  information  as  to  its  suit 
ability  as  an  enriching  agent. 
The  apparatus  employed  con- 
sists of  a  spherical  flask  at- 
tached to  a  Liebig's  condenser 
arranged  in  a  similar  manner 
to  that  shown  in  Fig.  50, 
but  minus  the  dephlegmater. 
The  flask  should  have  a 
capacity  of  about  twice  the 
volume  of  the  oil  to  be  ex- 
perimented on,  which  as  a 
rule  should  be  500  c.c.  The 
neck  of  the  flask  is  fitted  with 
a  thermometer,  the  bulb  of 
which  is  on  a  level  with  the 
tubulure  of  the  flask. 

182.  It  is  necessary  to 
know  the  weight  of  the  oil 
used  in  the  experiment,  by 
weighing  the  flask  before 
and  after  the  oil  is  poured 
in.  The  source  of  heat  may 
with  advantage  be  a  Fletcher 
gauze  burner,  and  the  heat  is 
regulated  to  cause  the  distil- 
late to  come  over  in  separate 
drops  at  fairly  regular  inter- 
vals, and  not  in  a  continuous  stream.  The  distillates  are 
as  a  rule  collected  in  fractions  in  the  proportion  of  10  per 
cent,  of  the  oil  experimented  on ;  thus  if  500  c.c.  were  em- 
ployed, then  the  distillates  would  amount  to  50  c.c.  The 
temperature  as  recorded  by  the  tnermometer  is  noted  as  soon 


FIG.  72.— PENSKY-MARTEN'S 

FLASH-POINT  APPARATUS. 
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as  the  first  distillate  appears,  and  subsequently,  when  the 
particular  fraction  has  been  obtained  just  prior  to  removal. 
It  will  thus  be  soon  that  the  operations  involved  are  very 
similar  to  those  described  under  the  heading  of  separation  of 
benzol  and  toluol.  The  distillation  is  continued  until  volatile 
matters  cease  to  come  over,  when  the  temperature  is  increased 
until  nothing  but  coke  remains  in  the  flask,  which  is  then 
allowed  to  cool,  and  afterwards  weighed  ;  this  weight,  minus 
the  original  weight  of  the  flask,  will  give  the  weight  of  the 
residue  from  which  the  percentage  by  weight  on  the  oil  taker 
can  be  arrived  at.  The  specific  gravity  of  each  fraction  ob- 
tained should  be  determined.  This  will  enable  the  total 
•weight  of  the  distillates  to  be  found ;  this,  plus  the  weight  of 
the  residue,  should  very  nearly  total  up  to  the  weight  of  the  oil 
taken,  the  deficiency,  which  should  not  amount  to  more  than 
1  per  cent,  being  set  down  to  less  on  distillation.  It  is  neces- 
sary to  note  the  amount  of  water  coming  over,  and  to  hold  at 
intervals  a  piece  of  moistened  lead  paper  close  to  the  con- 
denser outlet  in  order  to  see  if  sulphuretted  hydrogen  is 
given  off  during  distillation,  the  intensity  of  colour  obtained 
being  an  indication  of  the  amount  of  sulphur  impurity  in  the 
oil. 

183.  Some  of  the  points  which  indicate  the  suitability  of 
an  oil  for  gas-making  purposes  are  :  that  it  should  be  almost, 
if  not  quite  free  from  water,  that  the  residue  after  distillation 
should  not  exceed  1  per  cent,  that  only  the  last  fraction 
should  be  of  a  pronounced  dark  colour,  and  that  rapid 
blackening  of  a  lead  paper  should  not  occur  until  near  the 
close  of  the  distillation.  As  a  rule  in  the  distillation  of  good 
oils,  the  early  distillates  are  nearly  colourless,  the  later  ones 
are  of  a  pule  straw  to  amber  tint,  the  last  only  being  of  a 
decided  brown.  The  oil  principally  employed  for  gas-making 
purposes  is  that  known  as  "  Solar."  This  has  a  specific  gra- 
vity of  from  about  0-860  to  0-885,  while  the  flash  point 
variet  from  120°  to  250°  F.  Upon  being  distilled,  the  first 
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distillate  passes  over  at  a  temperature  of  about  138°  F.    The 
following  is  the  result  of  a  distillation  of  such  an  oil : — 


184. 


Oil  commences  to  distil  at  40°  C. 


1st  fraction  distilled  between  188°  and  250°  C, 
2ud 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 
10th 


250°  , 

.  260°  C. 

261° 

280°  C. 

280° 

295°  C. 

295° 

305°  0. 

805° 

815°  C. 

815° 

880°  C. 

880° 

842°  0. 

>,   842° 

855°  C5, 

„   855° 

890°  C. 

ESTIMATION  OF  NAPHTHALENE  IN  COAL  GAS. 


Co/man  and  Smith'*  Method. 

In  carrying  out  the  test,  a  solution  of  picric  acid  is  em- 
ployed which  is  nearly  saturated  at  the  ordinary  temperature 
(about  fV  normal).  The  strength  of  the  solution  is  accurately 

determined  by  titration  with  deci-normal  baryta  water  or 
deci-normal  caustic  soda;  using  as  an  indicator  laemoul,  the 
colour  of  which  changes  from  a  brownish  yellow  to  green  as 
soon  as  an  excess  of  alkali  is  present.  In  standardizing  the 
alkali  lacmoul  must  also  bo  used  as  un  indicator. 

For  tho  absorption  of  the  naphthalene,  a  series  of  four 
bottles  is  employed,  tho  first  of  which  has  a  capacity  of  about 
;>00  c.c.and  contains  100  c.c.  of  picric  acid  solution,  tho  second 
and  third  are  small  bottles,  each  containing  50  0.0,;  the  fourth 
bottle  is  empty,  and  serves  to  retain  any  splashing  of  acid 
solution  from  the  other  bottles,  the  gas  passing  thence  to  the 
Mittr.  The  gas  is  bubbled  through  at  the  rate  of  0*5  to  1 
cubic  foot  per  hour  until  from  10  to  lo  feet  have  passed.  As 
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a  rule  the  whole  of  the  naphthalene  is  retained  in  the  first 
bottle,  the  liquid  in  the  other  bottles  remaining  clear.  It  is, 
however,  possible  that  in  very  warm  weather,  or  if  the  test 
is  carried  out  in  a  very  warm  room,  this  might  no  longer  be 
the  case ;  and  it  would  then  perhaps  be  advisable  to  add  a 
fourth  bottle  of  solution.  After  the  gas  is  shut  off,  the  con- 
tents of  the  second  and  third  bottles  are  transferred  to  the 
first;  the  solution  being  washed  out  from  the  former  with  as 
small  a  quantity  of  water  as  possible. 

The  bottle  is  then  closed  with  an  indiarubber  stopper, 
through  which  passes  a  glass  tube,  closed  at  the  lower  end, 
but  having  a  small  hole  blown  in  the  side  about  an  inch  from 
the  bottom.  The  tube  is  placed  so  that  this  hole  is  just 
below  the  bottom  of  the  stopper,  and  the  bottle  then  evacu- 
ated as  completely  as  possible  with  a  water  jet  pump.  While 
the  pump  is  still  working,  the  tube  is  raised  so  that  the  small 
hole  is  well  above  the  bottom  of  the  stopper,  the  bottle  being 
thus  sealed.  It  is  then  placed  in  a  vessel  containing  suificient 
water  to  cover  it,  the  water  is  heated  to  the  boiling  point, 
and  the  heating  continued  until  the  liquid  is  quite  clear. 
The  bottle  is  then  removed  and  allowed  to  cool,  with  occa- 
sional shaking  to  wash  down  any  naphthalene  which  may 
sublime  on  the  upper  portion  of  the  bottle.  After  standing 
some  time,  preferably  over  night,  the  naphthalene  picrate 
separates  out  completely,  it  is  then  filtered,  and  the  precipi- 
tate washed  with  a  small  quantity  of  water.  (If  much  water 
is  used,  too  low  results  are  obtained ;  as,  although  naphtha- 
lene picrate  is  scarcely  soluble  in  picric  acid  solution,  it  dis- 
solves appreciably  in  water).  The  combined  filtrate  and 
washings  are  made  up  to  500  c.c.,  well  mixed,  and  100  c.c. 

titrated  with  —  caustic  soda  or  baryta.    From  these  data  the 

quantity  of  picric  acid  which  has  combined  with  the  naphtha- 
lene can  be  readily  calculated.  Naphthalene  picrute  has  the 
formula  C10H8,C6H3N307,  i.e.  229  parts  of  picric  acid  are 
united  with  128  parts  of  naphthalene;  and  therefore  the 
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quantity  of  picric  acid  thus  found  multiplied  by  __=0'559 

229 

gives  the  quantity  of  naphthalene  in  the  volume  of  gas 
passed.  For  technical  purposes,  it  is  most  convenient  to 
calculate  the  result  to  grains  of  naphthalene  per  100  cubic 
feet  of  gas. 

Mr.  J.  Dickenson  Gair  has  devised  a  modification  of 
Colman  and  Smith's  method  for  estimating  the  naphthalene 
in  coal  gas,  dependent  upon  the  use  of  acetic  acid  to  dissolve 
the  naphthalene  out  of  the  gas,  picric  acid  solution  being 
used  as  a  catch.  The  acetic  acid  used  should  not  have  a 
higher  specific  gravity  than  1  •  044,  and  the  quantity  employed 
will  vary  with  the  quality  of  the  gas  as  regards  naphthalene. 
The  following  quantities  are  an  approximate  guide : 

Naphthalene  in  Acetic  Acid  to 

100  Cubic  Feet  of  Gas.  be  used. 
Grains.  c.c. 

5  to  15  200 

15  to  60  ..  400 

60  to  80  450 

80  and  over 500  and  over 

The  acetic  acid  is  put  in  two  connected  Dreschel  bottles, 
and  a  third  bottle  containing  150  c.c.  of  strong  picric  acid  is 
used  as  a  catch.  About  10  cubic  feet  of  gas  is  passed  through 
at  the  rate  of  about  0  •  75  cubic  feet  per  hour,  the  gas  if  it 
contains  ammonia  being  first  passed  through  concentrated 
oxalic  acid  solution.  After  the  experiment  the  contents  of 
the  three  bottles  are  mixed  with  500  c.c.  of  concentrated 
picric  acid  solution.  The  mixture  is  well  agitated  and  then 
allowed  to  stand,  when  naphthalene  picrate  separates  out  in 
large  flocculent  masses  and  may  be  dried  and  weighed,  or 
the  naphthalene  may  be  estimated  volumetrically  by  wash- 
ing the  precipitate  with  picric  acid  solution  of  not  less  than 

—  strength  which  removes  all  the  acetic  acid,  without  de- 
40 

composing  or  dissolving    the  naphthalene  picrate.     After 
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washing,  the  precipitate  is  transferred  to  a  beaker  with  a 
small  quantity  of  distilled  water  and  10  to  25  c.c.  of  — 

sodium  hydrate  added.  Boiling,  with  occasional  stirring, 
follows  for  ten  minutes,  which  decomposes  the  naphthalene 
picrate  according  to  the  equation 

C10H8C6H2(N02)3OH + NaOH = 
C10H8+C6H2(N02)3ONa2+H20. 

To  make  certain   that    there  is  an  excess   of    sodium 
hydrate  present,  lacmoid  indicator  is  used.     The  hot  liquid  is 

next  transferred  to  a  porcelain  basin  and  excess  of  —  pic- 
ric acid  solution  added  and  the  liquid  again  titrated  with  

sodium  hydrate  until  the  olive  green  tint  becomes  permanent. 
The  c.c.  of  sodium  hydrate  used  is  noted,  and  the  sodium  hy- 
drate equivalent  of  the  picric  acid  used  subtracted,  the  differ- 
ence being  the  c.c.  of  —  sodium  hydrate  actually  used  up 

in  the  experiment.  Each  c.c.  of  —  sodium  hydrate  corre- 
sponds to  0*0128  gram  or  0*197  grain  of  naphthalene. 
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GAS  REFEREES'  INSTRUCTIONS. 

MODE  OF  TESTING  FOE  SULPHUR  COMPOUNDS  OTHER  THAN 
SULPHURETTED  HYDROUEN. 

THE  apparatus  employed  in  this  test  is  shown  in  Fig.  73.  The  gas  is 
burnt  in  a  small  Bunsen  burner  with  a  steatite  top,  which  is  mounted 
on  a  short  cylindrical  stand,  perforated  with  holes  for  the  admission  of 
air,  and  having  on  its  upper  surface,  which  is  also  perforated,  a  deep 
circular  channel  to  receive  the  wide  end  of  a  glass  trumpet-tube. 
There  are  both  in  the  side  and  in  the  top  of  this  stand  fourteen  holes 
of  5  millimetres  in  diameter  or  an  equivalent  air  way.  On  the  top 
of  the  stand,  between  the  narrow  stem  of  the  burner  and  the  surrounding 
glass  trumpet-tube,  are  to  be  placed  pieces  of  commercial  sesqui- 
carbonate  of  ammonia,  weighing  in  all  about  two  ounces.  The  pro- 
ducts, both  of  the  combustion  of  the  gas,  and  of  the  gradual  volatilisation 
of  the  ammonia  salt,  go  upwards  through  the  trumpet-tube  into  a 
vertical  glass  cylinder,  with  a  tubulure  near  the  bottom  and  drawn  in, 
at  a  point  above  this  to  about  half  its  diameter.  Prom  the  contracted 
part  to  the  top  the  cylinder  is  packed  with  balls  of  glass,  about 
15  millimetres  in  diameter,  to  break  up  the  current  and  promote  con- 
densation. From  the  top  of  this  condenser  there  proceeds  a  long  glass 
pipe  or  chimney,  slightly  bent  over  at  the  upper  end,  serving  to  effect 
some  further  condensation  as  well  as  to  regulate  the  draught,  and  afford 
an  exit  for  the  uncondensable  gases.  In  the  bottom  of  the  condenser 
is  fixed  a  small  glass  tube  through  which  the  liquid  formed,  during 
the  testing,  drops  into  a  flask  placed  beneath.  The  following  cautions 
are  to  be  observed  in  selecting  and  setting  up  the  apparatus  : — 

See  that  the  inlet  pipe  fits  gas-tight  into  the  burner,  and  that  the 
holes  in  the  circular  stand  are  clear.    If  the  burner  gives  a  luminous 
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flame,  remove  the  top-piece,  and  having  hammered  down  gently  the 
nozzle  of  soft  metal,  perforate  it  afresh,  making  as  small  a  hole  as  will 
give  passage  to  two-thirds  of  a  cubic  foot  of  gas  per  hour  at  a  convenient 
pressure.  See  that  the  tubulure  of  the  condenser  has  an  internal 
diameter  of  not  less  than  18  millimetres,  and  that  its  outside  is  smooth 
and  of  the  same  size  as  the  small  end  of  the  trumpet-tube,  also  that 
the  internal  diameter  of  the  contracted  part  is  not  less  than  30  milli- 
metres. 

See  that  the  short  piece  of  india- 
rubber  tubing  fits  tightly  both  to 
the  trumpet-tube  and  to  the  tubu- 
lure of  the  condenser. 

The  small  tube  at  the  bottom  of 
the  condenser  should  have  its  lower 
end  contracted,  so  that  when  in  use 
it  may  be  closed  by  a  drop  of 
water.  The  india-rubber  pipe  at 
the  lower  end  of  the  chimney  tube 
should  fit  into  or  over,  and  not  simply 
rest  upon  the  'mouth  of  the  con- 
denser. A  central  hole  about  50 
millimetres  in  diameter  may  with 
advantage  be  made  in  the  shelf  of 
the  stand.  If  a  beaker  is  kept  on 
the  table  below,  the  liquid  will  still 
be  preserved,  if  by  any  accident  the 
flask  is  not  in  its  place.  The  method 
of  testing  for  sulphur  compounds 
by  this  apparatus,  which  is  to 
be  set  up  in  a  room  or  closet  where 
FIG.  73.  no  other  gas  is  burning,  is  as 

follows : — 

The  gas  shall  pass  through  a  meter,  by  reference  to  which  the  rate 
of  flow  can  be  adjusted,  and  which  is  provided  with  a  self-acting  move- 
ment for  shutting  off  the  gas  when  10  cubic  feet  have  passed.  Pieces 
of  sesqui- carbon  ate  of  ammonia,  from  the  surface  of  which  any  efflor- 
escence has  been  removed,  are  to  be  placed  round  the  stem  of  the 
burner.  The  index  of  the  meter  is  to  be  then  turned  forward  to  the 
point  at  which  the  catch  falls,  and  will  again  support  the  lever  tap  in 
the  horizontal  position.  The  lever  is  made  to  rest  against  the  catch 
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so  as  to  turn  on  the  gas.  The  index  is  turned  back  to  a  little  short  of 
zero  and  the  burner  lighted.  When  the  index  is  close  to  zero,  the 
trumpet-tube  is  placed  in  position  on  the  stand  and  its  narrow  end 
connected  with  the  tubulure  of  the  condenser.  At  the  same  time  the 
long  chimney  tube  is  attached  to  the  top  of  the  condenser.  As  soon  as 
the  testing  has  been  started,  a  first  reading  of  the  aerothometer  is  to 
be  made  and  recorded,  and  a  second  reading  as  near  as  may  be  to  the 
time  at  which  the  gas  is  shut  off.  The  rate  of  burning,  which,  with 
practice,  can  be  judged  very  nearly  by  the  height  of  the  flame,  is  to  be 
adjusted  by  timing  the  index  of  the  meter  to  about  half  a  cubic  foot  of 
gas  per  hour.  After  each  testing,  the  flask  or  beaker  which  has 
received  the  liquid  products  of  the  combustion  of  the  10  cubic  feet  of 
gas,  is  to  be  emptied  into  a  measuring  cylinder  and  then  replaced  to 
receive  the  washings  of  the  condenser.  Next,  the  trumpet-tube  is  to 
be  removed  and  well  washed  out  into  the  measuring  cylinder.  The 
condenser  is  then  to  be  flushed  twice  or  thrice  by  pouring  quickly 
into  the  mouth  of  it  40  or  50  c.c.  of  distilled  water.  These  washings 
are  brought  into  the  measuring  cylinder,  whose  contents  are  to  be  well 
mixed  and  divided  into  two  equal  parts.  One  half  the  liquid  so 
obtained  is  to  be  set  aside,  in  case  it  should  be  desirable  to  repeat  the 
determination  of  the  amount  of  sulphur  which  the  liquid  contains. 
The  other  half  of  the  liquid  is  to  be  brought  into  a  flask  or  beaker 
covered  with  a  large  watch  glass,  treated  with  hydrochloric  acid,  suffi- 
cient in  quantity  to  leave  an  excess  of  acid  in  the  solution  and  then 
raised  to  the  boiling  point.  An  excess  of  a  solution  of  barium  chloride 
is  now  to  be  added,  and  the  boiling  continued  for  five  minutes.  The 
vessel  and  its  contents  are  to  be  allowed  to  stand  till  the  barium 
sulphate  has  settled  at  the  bottom  of  the  vessel,  after  which  the  clear 
liquid  is  to  be  as  far  as  possible  poured  off  through  a  paper  filter.  The 
remaining  liquid  and  barium  sulphate  are  then  to  be  brought  on  to 
the  filter,  and  the  latter  is  to  be  well  washed  with  hot  distilled  water. 
[In  order  to  ascertain  whether  every  trace  of  barium  chloride  and 
ammonium  chloride  has  been  removed,  a  small  quantity  of  the  washings 
from  the  filter  should  be  placed  in  a  test-tube,  and  a  drop  of  a  solution 
of  silver  nitrate  added.  Should  the  liquid,  instead  of  remaining  clear, 
become  cloudy,  the  washing  must  be  continued  until,  on  repeating  the 
test,  no  cloudiness  is  produced].  Dry  the  filter  with  its  contents,  and 
transfer  it  into  a  weighed  platinum  crucible.  Heat  the  crucible  over  a 
lamp,  increasing  the  temperature  gradually,  from  the  point  at  which 
the  paper  begins  to  char  up,  to  bright  redness,  or  an  equally  good  and 
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more  expeditious  method  is  to  drop  the  filter,  with  its  contents  drained 
but  not  dried,  into  the  red-hot  crucible.  When  no  black  particles 
remain,  allow  the  crucible  to  cool;  place  it  when  nearly  cold  in  a 
dessicator  over  strong  sulphuric  acid,  and  again  weigh  it.  The 
difference  between  the  first  and  second  weighings  of  the  crucible  will 
give  the  number  of  grains  of  barium  sulphate.  Multiply  this  number 
by  11  and  divide  by  4;  the  result  is  the  number  of  giains  of  sulphur 
in  100  cubic  feet  of  the  gas. 

This  number  is  to  be  corrected  for  the  variations  of  temperature 
and  atmospheric  pressure  in  the  manner  indicated  under  the  head  of 
"  Illuminating  Power,"  with  this  difference,  that  the  mean  of  the  first 
and  second  aerothometer  readings  shall  be  taken  as  the  readings. 

The  correction  by  means  of  the  aerothometer  reading  may  be  made 
most  simply,  and  with  sufficient  accuracy,  in  the  following  manner  : — 

When  the  aerothometer  reading  is  between  "955-*  965,  *965- 
•975,  '975-- 985,  '985- '995,  diminish  the  number  of  grains  of 
sulphur  by  4,  3,  2, 1  per  cent. 

When  the  aerothometer  reading  is  between  "995-1 '005,  no  correc- 
tion need  be  made. 

When  the  aerothometer  reading  is  between  1' 005-1 '015,  1*015- 
1'025,  !•  025-1  "035,  increase  the  number  of  grains  of  sulphur  by 
1,  2,  3  per  cent. 

Example. 

Aerothometer  Reading 
1-018 

Grains  of  barium  sulphate  from  5  cuBic  feet  of  gas        . .         10  •  4 
Multiply  by  11  and  divide  by  4 31 

4)114-4 

Grains  of  sulphur  in  100  cubic  feet  of  gas  (uncorrected)          28 '6 
Add  28-6  xT£n=        '57 

Grains  of  sulphur  in.  100  cubic  feet  of  gas  (corrected)    . .         29  •  17 
Result 29-17  grains. 

The  aerothometer  reading  is  the  reciprocal  of  the  tabular  number. 
The  Gas  Examiner  shall,  pot  less  often  than  once  a  month,  compare 
the  aerothometer  reading  with  the  reciprocal  of  the  tabular  number 
deduced  from  observations  of  the  barometer  and  thermometer,  and  if 
there  is  a  difference  of  more  than  one-half  per  cent.,  the  aerothometer 
is  to  be  readjusted. 
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TIMES  AND  MODE  OF  TESTING  FOB  SULPHURETTED  HYDROGEN. 

"  The  gas  supplied  by  the  Company  shall  not  exhibit  any  trace  of 
sulphuretted  hydrogen,  when  tested  in  a  mode  to  be  from  time  to 
time  prescribed  and  certified  by  the  Gas  Referees,  for  testing  and 
recording  the  presence  of  sulphuretted  hydrogen,  which  mode  shall  not 
be  more  stringent  than  the  mode  prescribed  in  Schedule  A  of  the  Gas 
Works  Clauses  Act,  1871'*  (London  Gas  Act,  1905,  section  6). 

The  apparatus  to  be  used  in  testing  gas  for  the  presence  of  sulphur- 
etted hydrogen  is  shown  in  Fig.  74.  The  gas,  as  it  leaves  the  service 


FIG.  74. 


pipe,  shall  be  passed  through  the  glass  vessel  in  which  are  suspended 
slips  of  bibulous  paper,  which  have  been  recently  moistened  by  dipping 
them  in  a  solution  consisting  of  6  •  5  grams  (100  grains)  of  crystallised 
acetate  of  lead  dissolved  in  100  c.c.  of  water. 

One  testing  shall  be  made  daily.  In  making  the  testing,  gas  shall 
be  turned  on  to  the  apparatus  and  lit  at  the  burner  as  soon  as  the  air 
has  been  swept  out.  When  the  gas  has  burnt  for  three  minutes  it  is 
to  be  turned  off,  and  one  of  the  slips  of  paper  is  to  be  compared  with 
another  similar  slip  which  has  not  been  exposed  to  the  gas.  The  gas 
is  to  be  taken  as  exhibiting  a  trace  of  sulphuretted  hydrogen,  if  the 
slip  of  paper  which  has  been  exposed  to  it  is  unmistakably  the  darker 
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of  the  two.  In  this  event,  two  of  the  test-slips,  which  have  been 
exposed  to  the  gas,  shall  be  placed  in  a  stoppered  bottle  and  kept  in 
the  dark  at  the  testing  place ;  one  of  the  remaining  slips  shall  be 
forwarded  with  each  daily  report,  and  the  comparison  slip  shall  be 
retained  by  the  Gas  Examiner  for  the  use  of  the  Chief  Gas  Examiner. 
The  Gas  Examiner,  in  making  his  return,  shall  write  either  "present" 
or  "  absent  "  as  the  case  may  be. 

THE  GAS  REFEREES'  ONE-TWELFTH  OF  A  CUBIC  FOOT  MEASURE. 

This  instrument,  which  was  designed  by  Mr.  Harcourt,  is  represented 
in  Fig.  75  ;  it  consists  of  a  vessel  of  blown  glass  of  a  cylindrical  form, 
with  rounded  ends  terminating  in  short  tubes  about  40  millimetres  in 
diameter  outside,  which  tubes  are  reduced  at  their  outer  ends  to  about 
20  millimetres  in  diameter  outside.  Lines  are  etched  round  each 
tubular  neck  in  such  positions  that  the  capacity  of  that  portion  of  the 
vessel  included  between  these  marks  is  exactly  one-twelfth  of  a  cubic 
foot  when  the  glass  is  at  the  ordinary  temperature.  No  correction  is 
needed  for  the  cubical  expansion  of  the  glass.  The  two  tubular  necks 
of  the  instrument  pass  through  two  boards  placed  below  and  parallel 
to  the  top  of  a  small  four-legged  table.  For  convenience,  the  upper 
one  of  these  two  boards  in  made  in  two  parts  and  hinged  to  the  legs. 

Into  each  end  of  the  instrument  a  glass  tube,  about  8  millimetres 
in  diameter  outside,  is  fitted,  gas-  and  water-tight  by  means  of  india- 
rubber  corks,  in  such  positions  that  the  inner  end  of  the  upper  tube 
lies  exactly  in  the  plane  of  the  mark  at  its  end  of  the  instrument, 
while  that  of  the  lower  is  about  1  millimetre  below  the  mark. 

The  upper  tube  terminates  in  a  T,  each  branch  of  which  is  provided 
with  a  stop-cock. 

A  separate  stand  carries  two  shelves,  the  upper  one  about  40  milli- 
metres below  the  level  of  the  upper  mark  and  the  lower  one  below  the 
level  of  the  lower  mark.  The  lower  shelf  is  adjustable,  and  must  be 
so  placed  that  the  action  about  to  be  described  shall  take  place. 

A  water  vessel  is  provided  having  a  capacity  of  about  one-tenth  ot 
a  cubic  foot.  It  should  be  made  of  brass  or  copper,  tinned  on  the 
inside.  It  has  a  tubulure  near  the  bottom,  to  which  is  fitted  a  metal 
tap.  The  end  of  the  tap  is  to  be  turned  slightly  downwards,  and  is  to 
have  a  diameter  outside  of  about  8  millimetres.  The  size  of  the  way 
through  the  tap  and  of  the  connections  is  such  that  when  a  meter  is 
being  proved  in  the  manner  to  be  described,  the  water  fills  the  instru- 
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ment  from  one  mark  to  the  other  in  about  one  minute.  The  water 
vessel  has  a  tubulure  above  for  filling  it,  closed  by  a  cork  through 
which  passes  a  narrow  glass  tube,  so  that  air  may  enter  or  escape. 
The  end  of  the  tube  is  bent  round  upon  itself  in  the  form  of  a  crook,  so 
as  to  exclude  dust  and  dirt.  An  india-rubber  tube  connects  the  tube 


FIG.  75. 


at  the  base  of  the  measure  with  the  stop-cock  of  the  water  vessel.  An 
ordinary  chemical  thermometer  is  provided  for  taking  the  temperature 
of  the  water. 

The  pipe  supplying  gas  to  each  meter  is  provided  near  the  meter 
with  a  three-way  stop-cock  carrying  a  short  branch  pipe,  so  formed 
that  it  either  connects  the  gas  supply  only  with,  the  branch  pipe,  the 
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meter  only  with  the  branch  pipe,  or  the  gas  supply  with  the  meter,  in 
which  latter  case  the  branch  pipe  is  cut  off  from  both.  The  index  of 
the  tap  shows  which  communication  is  open.  The  branch  pipe  is  so 
shaped  as  to  be  convenient  for  the  attachment  of  an  india-rubber  tube. 

In  order  to  put  the  instrument  in  adjustment,  the  water  vessel  is 
plaoed  upon  the  upper  shelf,  and  water  is  poured  into  it  until  the  water 
has  risen  about  one-quarter  of  an  inch  in  the  upper  narrow  tube  of  the 
glass  measure.  One  branch  of  the  glass  T  is  then  connected  by  an 
india-rubber  pipe  with  the  branch  of  the  three-way  stop-cock.  This  is 
now  turned  so  as  to  connect  the  branch  pipe  with  the  gas  supply.  The 
stop-cock  in  the  branch  of  the  glass  T  to  which  the  rubber  tube  is 
attached  is  turned  on,  and  the  water  vessel  is  placed  on  the  lower 
shelf.  The  water  will  run  back  into  the  vessel.  The  flow  should 
cease  when  the  water  has  just  begun  to  descend  in  the  lower  tube ;  if 
not,  the  height  of  the  lower  shelf  must  be  adjusted  until  this  is  the 
case. 

The  space  above  the  upper  mark  is  always  filled  with  gas,  and 
that  below  the  lower  mark  with  water,  so  that  the  capacity  of  these 
portions  of  the  instrument  has  no  effect  upon  the  measurements.  The 
narrow  tubes  are  so  small  that  a  variation  of  even  an  inch  of  the  level 
at  which  the  water  stands  in  them  has  no  appreciable  effect  upon  the 
meter  reading. 

The  apparatus  shall  only  be  used  in  proving  a  meter  when  the 
temperature  of  the  meter  and  of  the  water  in  the  water  vessel  have 
been  found  not  to  differ  by  more  than  2°  F. 

In  order  to  prove  the  meters  used  in  the  various  testings,  the 
position  of  the  index  is  taken  when  the  instrument  has  been  put  in 
adjustment  and  filled  with  gas  as  described.  The  tap  of  the  water 
vessel  is  turned  off ;  the  three-way  tap  is  turned  half-way  towards  the 
position  which  will  connect  the  instrument  with  the  gas-meter,  and 
the  pressure  of  the  gas  in  the  instrument  is  reduced  to  atmospheric 
pressure  by  momentarily  opening  the  tap  in  the  free  branch  of  the 
glass  T-  T'he  water  vessel  is  placed  upon  the  upper  shelf,  the  regu- 
lating tap  is  turned  on,  the  three-way  tap  is  turned  into  such  a  position 
as  will  connect  the  instrument  with  the  meter,  and  the  tap  of  the 
water  vessel  is  turned  on.  One-twelfth  of  a  cubic  foot  of  gas  will  then 
be  discharged  through  the  meter.  Fig.  75  represents  this  operation  in 
progress.  The  three-way  stop-cock  is  then  turned  so  as  to  fill  the 
instrument  with  gas,  the  water  vessel  is  placed  upon  the  lower  shelf, 
the  gas  is  reduced  to  atmospheric  pressure  as  before,  and  a  second,  and 
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again 

a  third  quantity  is  discharged  through  the  meter.     Should  the 

land 

attached  to  the  axle  of  the  measuring  drum  have  travelled  in  the 

three  revolutions  as  much  as  one  division 

/  N^          beyond  the  point  from  which  it  started,  some 

/             > 

water  must  be  removed  from  the  meter  ;  if 

\ 

the  travel  of  the  meter  hand  is  as  much  as 

1 

one  division  short  of  this  point,  some  water 

JL 

must  be  poured  in.    The  operation  is  then 

-J 

I*       V 

to  be  repeated  until  the  error  is  found  to  fall 

4U 

within  the  specified  limits. 

I 

-?JC 

-9M 

THE  AEEOETHOMETEE. 

a 

•)* 

The  Aerorthometer,  devised  by  Mr.  Ear- 

^rJ— 

•  <}»<; 

court,  is  illustrated  in  Fig.  76.    A  reading 

tl 

-11 

furnishes  the  figure  required  .for  correcting 

9  3^ 

the  volume  of  a  gas  measured  over  water  at 

_ 

any  ordinary  temperature  and   pressure  to 

H 

that  which  the  gas  would  have  if  measured 

u 

-ION 

over  water  under  a  pressure  of  30  inches  of 

ft 

mercury  and  at  a  temperature  of  60°  F.     Thus 

its  reading  corresponds  to  the  figure  derivable 

-IBM 

from  a  reading  ot  the  barometer  and  the  ther- 

| 

•i 

mometer  and  a  reference  to  a  table  giving  the 

if 

tension  of  aqueous  vapour  at  different  tem- 

i 

IOM 

peratures.     The  instrument  consists  of  a  bulb 

i 

131 

and  vertical  stem  in  which  sufficient  water  is 

P 

pj_p 

M 

present  to  ensure  that  the 

.j 

B 

* 

air    is    satumted.       The 

j 

n 

"j     measuring    tube,    which 

• 

i] 

terminates    in    a    closed 

j 

U 

bulb,   and    a    companion 

--j 

X 

tube  of  the  same  calibre 

I 

P 

L 

i 

which  is  open  to  the  air, 
dip    into    a    reservoir  of 

. 

1 

S 

1 

\}j    mercury  m  the  base,  the 
:rn£lIX      capacity  of  which  can  be 

; 

adjusted  by  a  regulating 

u- 

FIB.  76. 

screw  pressing  on  a  leather 
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cover.  The  relative  volume  of  the  bulb  and  tube  down  to  any  division 
is  represented  by  the  number  belonging  to  that  division.  The  capillary 
tube  above  the  bulb  is  closed  by  a  very  small  amount  of  sealing  wax. 
In  order  to  adjust  the  instrument  the  sealing  wax  is  softened  by  heat 
and  a  small  hole  made  through  it.  When  the  bulb  has  acquired  the 
temperature  of  the  air,  the  regulating  screw  is  to  be  turned  until  the 
two  columns  of  mercury  stand  level  at  the  calculated  aerorthometer 
reading.  Then  the  sealing  wax  stopping  is  again  melted  where  it  was 
perforated,  by  being  touched  from  above  with  a  heated  wire  while  the 
base  of  the  tube  and  the  bulb  are  protected  from  heat  by  a  wrapping 
of  cotton  wool. 

In  using  the  aerorthometer,  turn  the  screw  up  until  the  level  of  the 
mercury  in  the  open  tube  is  some  distance  below  that  of  the  mercury 
in  the  bulb  tube ;  then  turn  the  screw  slowly  down  until  the  mercury 
stands  at  the  same  level  in  both  tubes.  The  division  at  which  the 
mercury  now  stands  is  the  aerorthometer  reading. 

The  Gas  Examiner  shall,  not  less  often  than  once  a  month,  com- 
pare the  aerorthometer  reading  with  the  reciprocal  of  the  tabular 
number  deduced  from  observations  of  the  barometer  and  thermometer, 
and  if  there  is  a  difference  of  more  than  one-half  per  cent,  the  aeror- 
thometer is  to  be  readjusted.  If  at  any  time  the  aerorthometer  is  out 
of  order  the  reciprocal  of  the  tabular  number  is  to  be  used. 

The  foregoing  instructions  of  the  Gas  Referees  and  the  description 
of  Boys'  calorimeter,  have  been  reproduced  from  the  "Notification 
of  Gas  Referees,"  by  permission  of  the  Controller  of  His  Majesty's 
Stationery  Department. 
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FACTORS  FOB  CALCULATING  GRAVIMETRIC  ANALYSES. 


Substance  Weighed. 

Substance  to  be  determined. 

Factor. 

Ammonium  : 

Ammonium  chloride,  NH4  Cl 

Ammonia,  NH3  

0-31776 

Ammonium,  platinum  chloride,) 

Ammonia,  NH3  

0-07620 

(NH4)8PtCl6  / 

Nitrogen,  N       

0-06276 

Arsenic  : 

Arsenic  tersulphide,  As2S3     ... 

Arsenic,  As        

0-60975 

»»                >»               »»         ••• 

Arsenious  oxide.  As2O3     .. 

0-80488 

»»                             »                          M 

Arsenic  anhydride,  As2O5 

0-93496 

Barium  : 

Barium  sulphate,  BaSO4 
„       carbonate,  BaC03     .  . 

Barium  oxide,  BaO   .. 
»>  •  •        >»        » 

0-65665 
0-77655 

Calcium  : 

Calcium  sulphate,  CaSO4 
„        carbonate,  CaCO3     .  . 

Calcium  oxide,  CaO  .  .      .  . 
»>            »»        »     •  •      •• 

0-41176 
0-56000 

Carbon  : 

Carbonic  anhydride,  CO, 

Carbon,  C    

0-27273 

Calcium  carbonate,  CaC03     .  . 

Carbonic  anhydride  .  . 

0-44000 

Barium  Carbonate,  BaC03     .  . 

»»               »           .... 

0-22335 

Chlorine  : 

Silver  Chloride,  AgCl    ..      .. 

Chlorine,  Cl        

0-24739 

»            »>            *»       .... 

Hydrochloric  acid,  HC1    .. 

0-25435 

M                          >»                          }»                .... 

Sodium  chloride,  NaCl 

0-40767 

Iron  : 

Ferric  Oxide,  Fe203       ..      .. 

Iron,  Fe      

0-7000 

«            >»        »            .... 

Ferrous  oxide,  FeO   .. 

0-9000 

Hydrogen  : 

Water,  H2O      

Hydrogen,  H      

0-11111 

Magnesium  : 

Magnesium       pyrophosphate,\ 
Mg2P2Or       / 

Magnesium,  Mg 

0-2160 

Sulphur  : 

Barium  sulphate,  BaSO4 

Sulphur,  S  ..      .. 

•13734 

»»             »» 

Sulphuric  anhydride,  SO, 

0-3433 

M             »»                           ••- 

Sulphurous  anhydride,  SO2 

0-2746 

These  factors  are  employed  in  the  following  manner:— The  weight  of  a 
precipitate  having  been  obtained,  on  multiplying  this  weight  by  the  factor 
given,  the  weight  of  the  substance  to  be  determined  is  arrived  at.  Thus, 
on  multiplying  any  weight  of  ferric  oxide  by  the  factor  0*7  the  equivalent 
weight  of  iron  (Fe)  will  be  obtained ;  or  any  weight  of  BaSO4,  on  being 
multiplied  by  •  13734,  will  give  the  equivalent  weight  of  sulphur. 
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SOLUBILITY  OF  DIFFERENT  SALTS. 

Remark. — The  solubility  is  given  in  parts  of  the  anhydrous  salt  dissolved 
by  100  parts  of  water. 


100  Water  Dissolve. 

Cold. 

Boiling. 

Alum,  ammonia   

9 

422 

potash        .  .              .  .      .  •        . 

9-5 

357 

Aluminium  sulphate  
Ammonium  oxalate     
„         nitrate      
„         sulphate  
Bswium  chloride                 .  .      .  . 

33 
4-5 
199 
66 
35 

89 
40-8 

100 
60 

5 

10 

nitrate     .. 

g 

35 

Boric  acid     

2 

21 

8 

Calcium  carbonate       
,        chloride  

0  0036 
400 

- 

0*128 

0-079 

400 

0-23 

0-21 

7 

19-8 

,      nitrate     

127 

21 

75 

Iron  protosulphate      

20 
46 

178 
71 

3 

5 

48 

139 

,,     sulphate     ..      

•008 

Magnesium  oxide        
„            carbonate        
„            chloride  
Manganous  chloride    
Oxalic  acid    

•002 
•02 
200 
62 
11-5 

•002 

400 
123 

100 

Potassium  hydrate      
„         chromate  (neutral)  
„         bichromate        
„         oxalate  (acid)    
„         sulphite     
„         hyposulphite     
„          bitartrate   
„         tartrate  (neutral)     
,         cyanide      ....             .. 

200 
48 
10 

2-5 
100 

hygroscopic 
0-4 
133 
122 

102 
10 

io-5 

296 

„         ferrocyanide      
„         ferricyanide       
„         iodide..     .. 

28 
40 
141 

91 
82 
221 

APPENDIX.  289 

SOLrBILITY   OF    DIFFERENT    SALTS— Continued. 


100  Water  Dissolve. 

Cold. 

Boiling. 

Sodium  acetate  (borax)       
borate              .  .      .  •              .  •      •  . 

35 
4 

150 
55 

61 

„      hyposulphite  
„      phosphate       

50 
12 
25 

more  than  200 
100 

Strontium  hydrate       
nitrate         •  •             •  •       .      .  . 

1-6 

20 

34-8 
113 

„        chloride       
Tartaric  acid          .               ...              .  . 

53 

76 

102 
200 

Tin  (stannous)  chloride      
Zinc  chloride        . 

270 
300 

sulphate        •             •  •      .  . 

50 

95 

BOILING  POINTS. 


Centigrade. 

Fahrenheit. 

Alcohol,  absolute        
Ammonia,  anhydrous  
„         nitrate,  satur.  solution 
Barium  chloride,  satur.  solution 
Bisulphide  of  carbon  ..'     .. 

0 

78 
-38-5 
164 
104-4 
47-0 
80-4 

o 

172-4 
-37-3 
327 
220 
116-6 
177 

63-0 

145-4 

Calcium  chloride,  satur.  solution     .  . 
„            „          66  per  cent,  solution   .. 
„            ,,          33        ,,            „ 
„        nitrate,  satur.  solution 

179-5 
156 
128 
152 

—78 

355-1 
312-8 
262-4 
305-6 

—  108 

Ether                    

35 

95 

Hydrochloric  acid,  20-2  per  cent.  HC1    .. 
Iodine      above 

110 

200 

230 
392 

Methvlic  alcohol    .      .  .      .  . 

60 

140 

357 

674*6 

Naphthalene                  

217 

422-6 

Nitric  acid,  most  concentrated  
„        „    specific  gravity  1*  42 
Nitrous  anhydride       

86 
121 

-2 

-88 

186-8 
249-8 
28-4 
—  126 

28 

82-4 
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BOILING  POINTS — continued. 


Potassium  chloride,  satur.  solution 
„          chlorate      „  „ 

„         acetate        „          „ 
„          carbonate    „  „ 

„         nitrate         „          „ 

Sodium  chloride 

„        acetate 

„        carbonate       

„        phosphate      

„        nitrate 

Sulphur         

Sulphuric  acid 

„        anhydride  a 
„                „         £        .... 
Sulphurous  anhydride 
Turpentine,  spirits  of 


Centigrade. 


110 

105 

169-4 

135 

118 

108-4 

124-4 

106 

106-6 

122 

448 

326 

15 

50 

-10 

160 


Fahrenheit. 


230 

221 

336-9 

275 

244-4 

227-1 

255-9 

222-8 

223-8 

251-6 

838 

618-8 

59 
122 

14 
320 


FUSING  POINTS. 


Centigrade. 


Fahrenheit. 


Aluminium 

Antimony      

Asphalt 100 

Bismuth        260 

Boric  acid 186 

Brass     900 

Bromine        ~22 

Bronze 

Cadmium      316 

Cobalt 1500 

Colophonium        135 

Copper   ..      1100 

Cupric  chloride 

Cuprous  chloride 

^t,  oxen      40 

»    sheep     42 

pig •« 

?«™p«  «!» 

Glass      *JJj[ 

Glass  containing  lead         1000 


1292 

809 

212 

500 

367 
1652 

-7-6 
1652 

600 
2732 

275 
2012 

928 

813 

104 

107-6 
80-6 
1655 
2192 
1832 
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Centigrade. 

Fahrenheit. 

Gold      

0 

1075 

o 

1967 

1075 

1967 

grey    . 

1275 

2327 

1550 

2822 

Iodine    

113 

235  -4 

Lead      

326 

618 

954 

1749 

498 

928 

500 

932 

-39 

-38-2 

Mercuric  chloride        

293 
79 

560 
174-2 

Nickel   

1500 

2732 

Palm  oil        

29 

84-2 

Paraffin         

45-60 

113-140 

Platinum       

1775 

3227 

Pitch  (coal  tar)    

150-200 

300-400 

Phosphorus  

44 

111*2 

Potassium  chlorate      
„         iodide        
„         carbonate  
„         nitrate       
Steario  acid  

359 
634 
834 
329 
70 

678 
1173 
1533 
624 
158 

Steel      

1375 

2507 

960 

1760 

,.       chloride   

451 

843-8 

217 

422 

Strontium  chloride     

825 
217 

1517 
422 

Sodium  chloride  

772 

1421 

„     sulphate  

861 

1581 

316 

600 

„     chlorate   

302 

575 

814 

1497 

45-50 

113-122 

Thallium       

290 

554 

Tin        

230 

446 

Wax,  bee's    

62-70 

143-158 

Zinc       

412 

773 

u  2 


292  THE  GAs  ENGINEER'S  LABORATORY  HANDBOOK. 


SPECIFIC  GBAVITY  OP  NITRIC  ACID  AT  60°  F.  (15°  C.),  CALCULATED 
FROM  KOLB'S  RESULTS.     (Lunge  and  Hurter.) 


1'  \\addell. 

Specific 
Gravity. 

Percentage 
by  Weight. 

Grammes 
per  Litre. 

Degrees    Specific 
Twaddell.  Gravity. 

Percentage 
by  Weight. 

Grammes 
per  Litre. 

HN03     N205 

HN03 

N205 

HN03 

N205 

HN03 

N20£ 

1 

•005      -88        -75 

8-8 

7-5 

41        1-205 

33-02 

28-30 

397-9 

341- 

2 

•010    1-75      1-50    17-6 

15  1 

42       1-210 

33-79 

28-96 

408-8 

350- 

3 

•015   2-62      2-25   26-6 

22-8 

43       1-21534-55   29-61 

419-8 

359-: 

4 

•020   3-50     3-00   35-7 

30-6 

44       1-22035-32   30-27 

430-9 

369- 

5 

•025 

4-37  i  3-75   44-8 

38-4 

45       1-225 

36-08   30-93 

442-0 

378- 

6 

•030 

5-25     4-50 

54-0 

46-3 

46       1-230 

36-85 

31-58453-2 

388- 

7 

•035 

6-12 

5-25 

63-3 

54-2 

47       1-235 

37'61 

32-24 

464-5 

398- 

8 

•040 

6-95 

5-95 

72-3 

62-0 

48    j  1-240 

38-38 

32-90 

475-9 

407- 

9 

•045 

7-77 

6-66 

81-2 

69-6 

49    i  1-245 

39-15 

33-55 

487-4 

417- 

10 

•050 

8-59 

7'36 

90-2 

77-3 

50       1-250 

39-91 

34-21 

498-8 

427- 

11 

•055 

9-41 

8-07 

99-3 

85-1 

51       1-255 

40-68 

34-86 

510-5 

437- 

12 

•060 

10-23 

8-77 

108-4 

97-3 

52       1-260 

41-44 

35-52522-1 

447- 

13 

•065 

11-06 

9-48 

117-8 

101-0 

53       1-265 

42-21 

36-18532-8 

456- 

14 

•070 

11-88    10-18127-1 

108-9 

54 

•270 

42-97 

36-83 

545-7 

467- 

15 

•075 

12-70  |10-89;i36-5 

117-0 

55 

•275 

43-74 

37-49 

557-7 

478 

16 

•080 

13-52    11-59146-0 

125-1 

56          -280 

44-50 

38-15 

569-6 

488- 

17 

•085 

14-34 

12-29155-6 

133-4 

57 

•285 

45-27 

38-80 

581-7 

498- 

18 

•090 

15-16 

12  99165-2 

141-6 

58          -290 

46-04 

39-46 

593-9 

509- 

19 

•095 

15-98 

13-70175-0 

150-0 

59          -295 

46-80 

40-11 

606-0 

519- 

20 

•100 

16-80 

14-40184-8 

158-4 

60          -300 

47-57 

40-77 

618-4 

530- 

21 

•105 

17-57 

15-06194-1 

166-4 

61 

•305 

48-33 

41-43630-7 

540- 

22 

•110 

18-35 

15-72203-7 

174-6 

62 

•310 

49-10 

42-08643-2 

551- 

23 

•115 

19-12 

16-39213-2 

182-7 

63 

•315 

49-86 

42-74655-6 

562- 

24 

1-120 

19-89 

17.05222-7 

190-9 

64 

•320 

50-63 

43-40668-3 

572 

25 

1-125 

20-67 

17-71232-5 

199-3 

65 

•325 

51-40 

44-06 

681-0 

583- 

26 

1-130 

21-44 

18-38242  3   207'7 

66 

•330 

52-24 

44-78 

694-8 

595- 

27 

1»135 

22-21 

19-04252-0   216-0 

67 

•335 

53-09 

45-51 

708-7 

607- 

28 

1-140 

22-98 

19-70262  0   224-6 

68       1-340 

53-94 

46-24 

722-8 

619- 

29 

1-145 

23-76 

20-36272-0   233-2 

69       1-345 

54-79 

46-96736-9 

631- 

30 

1-150 

24-53 

21-03282-1 

241-8 

70 

1-350 

55-64 

47-69751-1 

643- 

31 

1-155 

25-30 

21-69292-2   250-4 

71 

1-355 

56-53 

48-45766-0 

656- 

32 

1-160 

26-08 

22-35302-5   259-3 

72 

1-36057-42 

49-22780-9 

669- 

33 

1-165 

26-85 

23-01312-8 

268-1 

73 

•36558-31 

49-98795-9 

682- 

34 

1-170 

27-62 

23-68323-1    276-9 

74 

•37059-21 

50-75811-2 

695- 

35 

1-175 

28-40 

24-34333-7   286-0 

75 

•37560-10 

51-51 

826-4 

70S- 

36 

1-180 

29-17 

25-00344-2    295-0 

76 

•38061-00 

52-29841-8 

721- 

37 

1-185 

29-94 

25-66354-8   304-1 

77 

•385 

61-97 

53-12858-3 

735- 

38 

1-190 

30-71 

26-33365-4   313-2 

78 

•390 

62-95 

53-96875-0 

750- 

39 

1-195 

31-49 

26-99'376-3   322'6 

79 

•395 

63-92 

54-79891-7 

764- 

40 

1-200 

32-26 

27-65387-1   331-8 

80 

1-400 

64-90 

55-66908-6 

778- 

i 
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SPECIFIC  GRAVITY  OF  NITRIC  ACID  AT  60  F.  (15°  0.) — continued. 


Percentage 

Grammes 

Percentage 

Grammes 

Degrees 

Specific 

by  Weight. 

per  Litre. 

Degrees 

T*,—  nJJrtll 

Specific 

by  Weight. 

per  Litre. 

Twaddell. 

Gravity. 

HN03 

N205 

HN03 

N205 

1  waddell. 

jnivity. 

HN03 

N205 

HN03 

N20; 

81 

•405 

66-01 

56-61927-4 

794-9 

94 

1-470 

82-90 

71-05 

1219 

1045 

82 

•41067-12 

57-56946-4 

811-2 

95 

1-475   84-2872-24 

1243 

1066 

S3 

•41568-23 

58-51965-4 

827-4 

96 

1-480   85-6673-43 

1268 

1087 

84 

•42069-34   59-46984-6 

844-0        97 

1-485 

87-0574-61 

1293 

1108 

85 

•42570-45   60-39 

1004 

860-6 

98 

1-490 

88-4375-80 

1318 

1130 

86 

•430171-83   61-57 

1027 

880-4 

99 

•495 

89  -82:76-  98    1343 

1151 

87 

1-43573-21    62-76 

1050 

900-0      100 

•500 

91-2078-18 

1368    117« 

S8 

1-44074-59 

63-94 

1074 

920-6 

101 

•505 

92-66 

79-43 

1394  J1195 

Si) 

1-44575-98 

65-13 

1097 

940-4 

102 

•510 

94-1380-69 

1421  i  1218 

90 

1-45077-36 

66-31 

1122 

961-8'      103 

•515 

95-5981-94 

1448    1241 

91 

1-45578-75   67-50 

1146 

982-4       104 

•520 

97-0683-20 

1475    1264 

92 

1-460,80-13  ,68-68 

1170 

1003 

105 

•525 

98-5384-46    1502    1287 

93 

1-465 

81-52 

69-87 

1195 

1824 

106 

1-530 

100-0085-71 

1530 

1311 

PERCENTAGE  or  PURE  HC1  GRAMMES  PER  LITRE  60°  F.  (15°  C.). 
CALCULATED  FROM  ROLE'S  KfisuLTS.  (Lunge  and  Hurter,  Alkali 
Maker's  Pocket  Book.) 


Degrees 
Twaddeli. 

Specific 
Gravity. 

Percentage 
of  HC1. 

Grammes 
per  Litre. 

Decrees 
Twaddell. 

Specific 
Gravity. 

Percentage 
ofHCl. 

Grammes 
per  Litre. 

1 

1-005 

1-12 

11-32 

21 

1-105 

21-06 

232-68 

2 

1-010 

2-12 

21-45 

22 

1-110 

22-06 

244-80 

3 

1-015 

3-12 

31-67 

23 

1-115 

23-05 

257-02 

4 

1-020 

4-11 

41-99 

24 

1-120 

24-05 

269-34 

5 

1-025 

5-11 

52-41 

25 

1-125 

25-05 

281-76 

6 

1-030 

6-11 

62-93 

26 

1-130 

26-04 

294-28 

7 

1-035 

7-10 

73  -5o 

27 

1-135 

27-04 

306-90 

8 

1-040 

8-10 

84  "27 

28 

1-140 

28-04 

319-62 

9 

1-045 

9-10 

95-09 

29 

1-145 

29-03 

332-44 

10 

1-050 

10-09 

106-01 

BO 

1-150 

30-03 

345-36 

11 

1-055 

11-09 

117-02 

31 

1-155 

31-03 

358-34 

12 

1-060 

12-09 

128-14 

32 

•160 

32-02 

371-44 

13 

1-065 

13-08 

139-36 

33 

•165 

33-02 

384-64 

14 

1-070 

14-08 

150-68 

34 

•170 

34-02 

397-94 

l.'i 

1-075 

15-08 

162-10 

35 

•175 

35-01 

411-34 

16 

1-080 

16-07 

173-62 

36 

•180 

36-01 

424-84 

17 

1-085 

17-07 

185-24 

37 

•185 

37-01 

438-44 

18 

1-090 

18-07 

196-96 

38 

•190 

38-01 

452-14 

19 

1-095 

19-07 

208-78 

39 

•195 

39-00 

466-00 

20 

1-100 

20-06 

220-70 

40 

•200 

40-00 

479-84 
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TABLE  OP  THE  PERCENTAGES  OF  HEAL  SULPHURIC  ACID  (S04H2) 

CORRESPONDING  TO  VARIOUS  SPECIFIC  GRAVITIES  OF  AQUEOUS 

SULPHURIC  ACID. 

Bineau;  Otto.    Temp.  15°. 


Specific 
Gravity. 

Per  cent. 

Specific 
Gravity. 

Per  cent. 

Specific 
Gravity. 

Per  cent. 

1-8426 

100 

1-568 

66 

1-2476 

33 

1-842 

99 

1-557 

65 

1-239 

32 

1-8406 

98 

1-545 

64 

1*231 

31 

1-840 

97 

•534 

63 

1-223 

30 

1-8384 

96 

•523 

62 

1-215 

29 

1-8376 

95 

•512 

61 

1-2066 

28 

1-8356 

94 

•501 

60 

1-198 

27 

1-834 

93 

•490 

59 

1-190 

26 

1-831 

92 

•480 

58 

1-182 

25 

1-827 

91 

1-469 

57 

1-174 

24 

1-822 

91) 

1-4586 

56 

1-167 

23 

1-816 

89 

1-448 

55 

1-159 

22 

1-809 

88 

1-438 

54 

1-1516 

21 

1-802 

87 

1-428 

53 

1-144 

20 

1-794 

86 

1-418 

52 

1-136 

19 

1-786 

85 

•408 

51 

1'129 

18 

1-777 

84 

•398 

50 

1-121 

17 

1-767 

83 

•3886 

49 

1-1136 

16 

1-756 

82 

•379 

48 

1-106 

15 

1-745 

81 

•370 

47 

1-098 

14 

1-734 

80 

•361 

46 

1-091 

13 

1-722 

79 

•351 

45 

1-083 

12 

1-710 

78 

•342 

44 

1-0756 

11 

1-698 

77 

•333 

43 

1-068 

10 

1-686 

76 

•324 

42 

1-061 

9 

1-675 

75 

•315 

41 

1-0536 

8 

1-663 

74 

•306 

40 

1-0464 

7 

1-651 

73 

•2976 

39 

1-039 

6 

1-639 

72 

•289 

38 

1-032 

5 

1-627 

71 

•281 

37 

1-0256 

4 

1-615 

70 

•272 

36 

1-019 

8 

1-604 

69 

1-264 

35 

1-013 

2 

1-592 

68 

1-256 

34 

1-0064 

1 

1-580 

67 
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TABLE   OF    SPECIFIC   GRAVITY   AND   PERCENTAGE   OF   CAUSTIC 
POTASH  IN  AQUEOUS  SOLUTION. 


Sp.  gT. 

at  15°  C. 

Per- 
centage 
of  KOH. 

Sp.  gr. 
at  15°  C. 

Per- 
centage 
of  KOH. 

Sp.  gr. 
at  15°  C. 

Per- 
centage 
of  KOH. 

Sp.  gr. 
at  15°  C. 

Per- 
centage 
of  KOH. 

•009 

1 

1-166 

19 

1-374 

37 

1-590 

54 

•017 

2 

1-177 

20 

•387 

38 

1-604 

55 

•025 

3 

1-188 

21 

•400 

39 

1-618 

56 

•033 

4 

1-198 

22 

•412 

40 

1-630 

57 

•041 

5 

1-209 

23 

•425 

41 

1-642 

58 

•049 

6 

1-220 

24 

•438 

42 

1-655 

59 

•058 

7 

1-230 

25 

•450 

43 

1-667 

60 

1-065 

8 

1-241 

26 

•462 

44 

1-681 

61 

1-074 

9 

1-252 

27 

•475 

45 

1-695 

62 

1-083 

10 

1-264 

28 

•488 

46 

1-705 

63 

1-092 

11 

1-276 

29 

•499 

47 

1-718 

64 

1-101 

12 

1-288 

30 

1-511 

48 

1-729 

65 

•110 

13 

1-300 

31 

1-525 

49 

1-740 

66 

•119 

14 

1-311 

32 

1-539 

50 

1-754 

67 

•128 

15 

1-324 

33 

1-552 

51 

1-768 

68 

•137 

16 

1-336 

34 

1-565 

52 

1-780 

69 

•14(5 

17 

1-349 

35 

1-578 

53 

1-790 

70 

•155 

18 

1-361 

36 

TABLE    OF    SPECIFIC    GRAVITY    AND    PERCENTAGE    OF   SODA 
(Na20)  IN  AQUEOUS  SOLUTION. 

Timnermann. 


Sp.  gr.      Per  cent. 

SP.gr. 

Per  cent. 

Sp.gr. 

Per  cent. 

Sp.  gr. 

Percent. 

1-4285    30-220 

1-3198 

22-363 

1-2392 

15-110 

1-1042 

7-253 

1-4193    29-616 

1-3143 

21-894 

1-2280 

14-500 

1-0948 

6-648 

•4101     29-011 

1-3125 

21-758 

1-2178 

13-901 

1-0855 

6-044 

•4011     28-407 

1-3053 

21-154 

1-2058 

13-297 

1-0764 

5-440 

•3923    27-802 

1-2982 

20-550 

•1948 

12-692 

1-0675 

4-835 

•3836    27-200 

1-2912 

19-945 

•1841 

12-088 

1-0587 

4-231 

•3751     26-594 

1-2843 

19-341 

•1734 

11-484 

1-0500 

3-626 

•3668    25-989 

1-2775 

18-730 

•1630 

10-879 

1-0414 

3-022 

•3586    25-385 

•2708 

18-132 

•1528 

10-275 

1-0330 

2-418 

•3505    24-780 

•2642 

17-528 

•1428 

9-670 

1-0246 

1-813 

•3426    24-176 

•2578 

16-923 

•1330 

9-066 

1-0163 

1-209 

•3349    23-572 

•2515 

16-379 

1-1233 

8-462 

1-0081 

0-604 

1-3273    22-967 

•2453 

15-714 

1-1137 

7-857 

1-0040 

0-302 
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SPECIFIC  GRAVITY  OF  CAUSTIC  AMMONIA  CONTAINING  DIF- 
FERENT QUANTITIES  OF  NH3,  TEMPERATURE  14°  C. 
(57°  F.).  ( 


Specific 
Gravity. 

Percentage 
NH3 

Specific 
Gravity. 

Percentage 
NH3 

Specific 
Gravity. 

Percentage 
NH3 

0-8844 

36-0 

0-9021 

28-2 

0-9239 

20-4 

0-8848 

35-8 

0-9026 

28-0 

0-9245 

20-2 

0-8852 

35-6 

0-9031 

27-8 

0-9251 

20-0 

0-8856 

35-4 

0-9036 

27-6 

0-9257 

19-8 

0-8860 

35-2 

0-9041 

27-4 

0-9264 

19-6 

0-8864 

35-0 

0-9047 

27-2 

0-9271 

19-4 

0-8868 

34-8 

0-9052 

27-0 

0-9277 

19-2 

0-8872 

34-6 

0-9057 

26-8 

0-9283 

19-0 

0-8877 

34-4 

0-9063 

26-6 

0-9289 

18-8 

0-8881 

34-2 

0-9068 

26-4 

0-9296 

18-G 

0-8885 

34-0 

0-9073 

26-2 

0-9302 

18-4 

0-8889 

33-8 

0-9078 

26-0 

0-9308 

18-2 

0-8894 

33-6 

0-9083 

25-8 

0-9314 

18-0 

0-8898 

33-4 

0-9089 

25-6 

0  9321 

17-8 

0-8903 

33-2 

0-9094 

25-4 

0-9327 

17-6 

0-8907 

33-0 

0-9100 

25-2 

0-9333 

17-4 

0-8911 

32-8 

0-9106 

25-0 

0-9340 

17-2 

0-8916 

32-6 

0-9111 

24-8 

0-9347 

17-0 

0-8920 

32-4 

0-9116 

24-6 

0-9353 

16-8 

0-8925 

32-2 

0-9122 

24-4 

0-9360 

16-6 

0-8929 

32-0 

0-9127 

24-2 

0-9366 

16-4 

0-8934 

31-8 

0-9133 

24-0 

0-9373 

16-2 

0-8938 

31-6 

0-9139 

23  8 

0-9380 

16-0 

0-8943 

31-4 

0-9145 

23-6 

0-9386 

15-8 

0-8948 

31-2 

0-9150 

23-4 

0-9393 

15-6 

0-8953 

31-0 

0-9156 

23-2 

0-9400 

15-4 

0-8957 

30-8 

0-9162 

23-0 

0-9407 

15-2 

0-8962 

30-6 

0-9168 

22-8 

0-9414 

15-0 

0-8967 

30-4 

0-9174 

22-6 

0-9420 

14-8 

0-8971 

30-2 

0-9180 

22-4 

0-9427 

14-6 

0-8976 

30-0 

0-9185 

22-2 

0-9434 

14-4 

0-8981 

29-8 

0-9191 

22-0 

0-9441 

14-2 

0-8986 

29-6 

0-9197 

21-8 

0-9449 

14-0 

0-8991 

29-4 

0-9203 

21-6 

0-9456 

13-8 

0-8996 

29-2 

0-92H9 

21-4 

0-9463 

13-6 

0-9001 

29-0 

0-9215 

21-2 

0-9470 

13-4 

0-9006 

28-8 

0-9221 

21-0 

0-9477 

13-2 

0-9011 

28-6 

0-9227 

20-8 

0-9484 

13-0 

0-9016 

28-4 

0-9233 

20-6 

0-9491 

12-0 
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SPECIFIC  GRAVITY  OP  CAUSTIC  AMMONIA— continued. 


Specific 
Gravity. 

Percentage 
NH3 

Specific 
Gravity. 

Percentage 
NH3 

Specific 
Gravity. 

Percentage 
NH3 

0-9498 

12-6 

0-9654 

8-4 

0-9823 

4-2 

0-9505 

12-4 

0-9662 

8-2 

0-9831 

4-0 

0-9512 

12-2 

0-9670 

8-0 

0-9839 

3-8 

0-9520 

12-0 

0-9677 

7-8 

0-9847 

3-6 

0-9527 

11-8 

0-9685 

7-6 

0-9855 

3-4 

0-9534 

11-6 

0  9693 

7-4 

0-9863 

3-2 

0-9542 

11-4 

0  •  9701 

7-2 

0-9873 

3-0 

0-9549 

11-2 

0-9709 

7-0 

0-9882 

2-8 

0-9556 

11-0 

0-9717 

6-8 

0-9890 

2-6 

0-9563 

10-8 

0-9725 

6-6 

0-9899 

2-4 

0-9571 

10-6 

0-9733 

6-4 

0-9907 

2-2 

0-9578 

10-4 

0-9741 

6-2 

0-9915  ' 

2-0 

0-958G 

10-2 

0-9749 

6-0 

0-9924 

1-8 

0-9593 

10-0 

0-9757 

5-8 

0-9932 

1-6 

0-9601 

9-8 

0-9765 

5-6 

0-9941 

1-4 

0-9608 

9-6 

0-9773 

5-4 

0-9950 

1-2 

0-9616 

9-4 

0-9781 

5-2 

0-9959 

1-0 

0-9623 

9-2 

0-9790 

5-0 

0-9967 

0-8 

0-9631 

9-0 

0-9799 

4-8 

0-9975 

0-6 

0-9639 

8-8 

0-9807 

4-6 

0-9983 

0-4 

0-9647 

8-6 

0-9815 

4-4 

0-9991 

0-2 

SOLUBILITY  OF  AMMONIA  IN  WATER  BY  WEIGHT.  1  GRAMME 
WATER  DISSOLVES  AT  760  MM.  PRESSURE.  (Roscoe  and 
Dittmar.) 


Temperature 
Centigrade. 

Grammes 
NH3 
Absorbed. 

Temperature 
Centigrade. 

Grammes 
NH3 
Absorbed. 

Temperature 
Centigrade. 

Grammes 
NH3 
Absorbed. 

0 

o 

0 

0 

0-875 

20 

0-526 

40 

0-307 

2 

0-833 

22 

0-499 

42 

0-290 

4 

0-792 

24 

0-474 

44 

0-275 

6 

0-751 

26 

0-449 

46 

0-259 

8 

0-713 

28 

0-426 

48 

0-244 

10 

0-679 

30 

0-403 

50 

0-229 

12 

0-645 

32 

0-382 

52 

0-214 

14 

0-612 

34 

0'"i'2 

54 

0-200 

16 

0-582 

36 

0  343 

56 

0-185 

18 

0-554 

38 

0-324 
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CONVERSION  OF  DEGREES  ON   THE  CENTIGRADE   THERMOMETER 
INTO  DEGREES  OF  FAHRENHEIT'S  SCALE. 


Cent. 

Fahr. 

Cent. 

i 
Fahr.    Cent. 

Fahr. 

Cent. 

Fahr. 

o 

-  50 

-58'0 

o 

-6 

21-2 

o 

38 

o 

100-4 

o 

82 

o 

179-6 

-49 

-56-2 

-5 

23-0 

39 

102-2 

83 

181-4 

-48 

-54-4 

-4 

24-8 

40 

104-0 

84 

183-2 

-47   -52-6 

-3 

26-6 

41 

105-8 

85 

185-0 

-46 

-50-8 

-2 

28-4 

42 

107-6 

86 

186-8 

-45 

-49-0 

-  1 

30-2    43 

109-4 

87 

188-6 

-44 

-47-2 

0 

32-0    44 

111-2 

88 

190-4 

-  43 

-  45-4 

+  1 

33-8  |  45 

113-0 

89 

192-2 

-42 

-43-6 

2    35-6    46 

114-8 

90 

194-0 

-41 

-  41-8 

3    37-4    47 

116-6 

91 

195-8 

-  40 

-40-0 

4    39-2    48 

118-4 

92 

197-6 

-  39 

-38-2 

5 

41-0    49 

120-2 

93 

199-4 

-38 

-  36-4 

6 

42-8    50 

122-0 

94 

201-2 

-37 

-  34-6 

7 

44-6    51 

123-8 

95 

203-0 

-36 

-32-8 

8 

46-4 

52 

125-6 

96 

204-8 

-35 

-30-0 

9 

48-2 

53 

127-4 

97 

206-6 

-  34 

-29'2 

10 

50-0  !  54 

129-2  i  98 

208-4 

-  33 

-27-4 

11 

51-8    55 

131-0 

99 

210-2 

-  32 

-25-6 

12 

53-6    56 

132-8 

100 

212-0 

-31 

-23-8 

13 

55-4 

57 

134-6 

101 

213-8 

-30 

-22-0 

14 

57-2 

58 

136-4 

102 

215-6 

-  29 

-  20-2 

15 

59-0 

59 

138-2 

103 

217-4 

-28 

-  18-4 

16 

60-8 

60 

140-0 

104 

219-2 

-27 

-16-6 

17 

62-6 

61 

141-8 

105 

221-0 

-  26 

-14*8 

18 

64-4 

62 

143-6 

106 

222-8 

-25 

-13-0 

19 

66-2 

63 

145-4 

i  107 

224-6 

-  24 

-11-2 

20 

68-0 

64 

147-2 

108 

226-4 

-23 

-  9-4 

21 

69-8 

65 

149-0 

109 

228-2 

-  22 

-  7-6 

22 

71-6 

66 

150-8 

110 

230-0 

-  21 

-  5-8 

23 

73-4 

67 

152-6 

111 

231-8 

-  20 

-  4-0 

24 

75-2 

68 

154-4 

112 

233-6 

-19 

-  2-2 

25 

77-0 

69 

156-2 

!  113 

235-4 

-18 

-  0-4 

26 

78-8  j  70 

158-0  i  114 

237-2 

-  17 

+  1-4 

27 

80-6 

71 

159-8 

115 

239-0 

-16 

3-2 

28 

82-4 

72 

161-6 

116 

240-8 

-  15 

5-0 

29    84-2 

73 

163-4 

117 

242-6 

-  14 

6-8 

30 

86-0 

74 

165-2 

118 

244-4 

-  13 

8-6 

31 

87-8 

75 

167-0 

119 

246-2 

-  12 

10-4 

32 

89-6 

76 

168-8 

120 

248-0 

-  11 

12-2 

33  !  91-4 

77 

170-6 

121 

249-8 

-  10 

14-0 

34  i  93-2 

78 

172-4 

122 

251-6 

-  9 

15-8 

35    95-0 

79 

174-2 

123 

25.0-4 

-  8 

17-6 

3(3  !  95-8 

80 

176-0 

124 

255-2 

-  7 

19-4 

37 

98'G 

81 

177-8 

j  125 

257-0 
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CONVERSION  OF  DEGREES,  ETC. — continued. 


Cent. 

Fahr.     Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

0 

0      |j     0 

o 

0 

0 

o 

0 

126 

258-8 

175 

347-0 

224 

435-2 

273 

523  4 

127 

260-6 

176 

348-8 

225 

437-0 

274 

525-2 

128 

262-4 

177 

350-6 

226 

438-8 

275 

527-0 

129 

264-2 

178 

352-4 

227 

440-6 

276 

528-8 

130 

266-0 

179 

354-2 

228 

442-4 

277 

530-6 

131 

267-8 

180 

356-0 

229 

444-2 

278 

532-4 

132 

269-6 

181 

357-8 

230 

446-0 

279 

534-2 

133 

271-4 

182 

359-6 

231 

447-8 

280 

536-0 

134 

273-2 

183 

361-4 

232 

449-6 

281 

537-8 

135 

275-0 

184 

363-2 

233 

451-4 

282 

539-6 

136 

276-8 

185 

365-0 

234 

453-2 

283 

541-4 

137 

278-6 

186 

366-8 

235 

455-0 

284 

543-2 

138 

280-4 

187 

368-6 

236 

456-8 

285 

545-0 

139 

282-2 

188 

370-4 

237 

458-6 

286 

546-8 

140 

284-0 

189 

372-2 

238 

460-4 

287 

548-6 

141 

285-8 

190 

374-0 

239 

462-2 

288 

550-4 

142 

287-6 

191 

375-8 

240 

464-0 

289 

552-2 

143 

289-4 

192 

377-6 

241 

465-8 

290 

554-0 

144 

291-2 

193 

379-4 

242 

467-6 

291 

555-8 

145 

293-0 

194 

381-2 

243 

469-4 

292 

557-6 

146 

294-8 

195 

383-0 

244 

471-2 

293 

559-4 

147 

296-6 

196 

384-8 

245 

473-0 

294 

561-2 

148 

298-4 

197 

386-6 

246 

474-8 

295 

563-0 

149 

300-2 

198 

388-4 

247 

476-6 

296 

564-8 

150 

302-0 

199 

390-2 

248 

478-4 

297 

566-6 

151 

303-8 

200 

392-0 

249 

480-2 

298 

568-4 

152 

305-6 

201 

393-8 

250 

482-0 

299 

570-2 

153 

307-4 

202 

395-6 

251 

483-8 

300 

572-0 

154 

309-2 

203 

397-4 

252 

485-6 

301 

573-8 

155 

311-0 

204 

399-2 

253 

487-4 

302 

575-6 

156 

312-8 

205 

401-0 

254 

489-2 

303 

577-4 

157 

314-6 

206 

402-8 

255 

491-0 

304 

579-2 

158 

316-4 

207 

404-6 

256 

492-8 

305 

581-0 

159 

318-2 

208 

406-4 

257 

494-6 

306 

582-8 

160 

320-0 

209 

408-2 

258 

496-4 

307 

5-4-6 

161 

321-8 

210 

410-0 

259 

498-2 

308 

586-4 

162 

323-6 

211 

411-8 

260 

500-0 

309 

588-2 

163 

325-4 

212 

413-6 

261 

501-8 

310 

590-0 

164 

327-2 

213 

415-4 

262 

503-6 

311 

591-8 

165 

329-0 

214 

417-2 

263 

505-4 

312 

593-6 

166 

330-8 

215 

419-0 

264 

507-2 

313 

595-4 

167 

332-6 

216 

420-8 

265 

509-0 

314 

597-2 

168 

334-4 

217 

422-6 

266 

510-8 

315 

599-0 

109 

336-2 

218 

424-4 

267 

512-6 

316 

600-8 

170 

33>!-0 

219 

426-2 

268 

514-4 

317 

602-6 

171 

339-8 

220 

428-0 

269 

516-2 

318 

604-4 

172 

341-6 

221 

429-8 

270 

518-0 

319 

606-2 

173 

343-4 

222 

431-6 

271 

519-8 

320 

608-0 

174 

345-2 

223 

433-4 

272 

521-6 
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SOLUBILITY   OF  SULPHUB    IN  CARBON 

(59°  F.). 


BISULPHIDE    AT   15°    C. 


Specific 
Gravity. 

Per 

cent.  S. 

Specific 
Gravity. 

Per 

cent.  S. 

Specific 
Gravity. 

Per 

cent.  S. 

Specific  1     Per 
Gravity.  'cents. 

Specific 
Gravity. 

Per 
cent.  S. 

1-271 

0 

1-296 

6-0 

1-321 

12-1 

1-346     18-1  1  1-371 

25-6 

1-272 

0-2 

1-297 

6-3 

•322 

12-3 

1-347     18-4 

1-372 

26-0 

•273 

0-4 

1-298 

6-5 

•323 

12-6 

1-348     18-6 

1-373 

26-5 

•274 

0-6 

•299 

6-7 

•324 

12-8 

1-349     18-9 

1-374 

26-9 

•275 

0-9 

•300 

7-0 

•325 

13-1 

1-350     19-0 

1-375 

27-4 

•276 

1-2 

•301 

7-2 

•326 

13-3 

1-351     19-3 

11-376 

28-1 

•277 

1-4 

•302 

7-5 

•327 

13-5 

1-352     19-6 

1-377 

28-5 

•278 

1-6 

•303 

7-8 

1-328 

13-8 

1-353     19-9 

1-378 

29-0 

•279 

1-9 

•304 

8-0 

1-329 

14-0      1-354     20-1 

1-379 

29-7 

•280 

2-1 

•305 

8-2 

1-330 

14-2 

1-355     20-4 

1-380 

30-2 

•281 

2-4 

'306 

8-5 

1-331 

14-5 

,1-356     20-6     1-381 

30-8 

•282 

2-6 

•307 

8-7 

1-332 

14-7 

j  1-357    21-0      1-382 

31-4 

•283 

2-9 

•308 

8-9 

1-333 

15-0 

,1-358    21-2 

1-383 

31-9 

•284 

3-1 

•309 

9-2 

1-334 

15-2 

11-359     21-5 

1-384 

32-6 

•285 

3-4 

•310 

9-4 

1-335 

15-4 

!  1-360     21-8 

1-385 

33-2 

•286 

3-6 

•311 

9-7 

1-336 

15-6 

1-361     22-1 

1-386 

33-8 

•287 

3-9 

•312 

9-9 

1-337 

15-9 

1-362     22-3 

1-387 

34-5 

•288 

4-1 

•313 

10-2 

1-338 

16-1 

1-363     22-7 

1-388 

35-2 

•289 

4-4 

•314 

10-4 

1-339 

16-4 

i  1-364    23-0 

1-389 

36-1 

•290 

4-6 

•315 

10-6 

1-340 

16-6 

|  1-365     23-2 

1-390 

36-7 

•291 

4-8 

•316 

10-9 

1-341 

16-9 

1-366    23-6 

1-391 

37-2 

•292 

5-0 

•317 

11-1 

1-342 

17-1 

1-367     24-0 

•293 

5-3 

•318 

11-3 

1-343 

17-4 

1-368    24-3 

•294 

5-6 

•319 

11-6 

1-344 

17-6 

1-369    24-8 

Saturated. 

•295 

5-8 

•320 

11-8 

1-345 

17-9 

1-370    25-1 

WEIGHTS  AND  MEASURES. 

The  corresponding  values  of  the  French  and  English  weights  and 
measures  are  here  given.  The  use  of  the  French  or  decimal  system 
is  strongly  recommended  by  its  extreme  simplicity.  The  smaller 
denominations  are  obtained  by  taking  a  tenth,  hundredth,  thousandth, 
&c.,  of  the  unit  chosen;  they  are  designated  by  the  Latin  prefixes 
deci-,  centi-,  milli-,  &c.  The  higher  denominations  are  10  times,  100 
times,  1000,  &c.,  times  the  unit,  and  are  named  by  the  Greek  prefixes 
deca-,  hecto-,  kilo-,  &c.  Examples  of  this  will  be  found  in  the  Tables 
given  below. 

The  starting-point  of  the  French  system  is  the  "  metre"  (=  39 '37 
inches)  ;  this  is  the  "  unit  of  length."  The  "  unit  of  measure  "  is  the 
"  litre,"  which  is  1  cubic  decimetre.  The  "  unit  of  weight  "is  the  gram, 
which  is  the  weight  of  1  cubic  centimetre  of  distilled  water  at  4°  C. 
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The  chief  conveniences  arising  from  the  use  of  this  system  are : — 

1.  That  all  the  different  denominations  can  be  written  as  one ;  since 
they  arc  either  multiples  by  ten,  or  are  decimal  fractions,  of  the  unit, 
Thus   5    decagrams,  3  grams,  4  decigrams,  8  milligrams  would  be 
written  53-408  grams. 

2.  That  since  1  cubic  centimetre  of  water  at  4°  C.  weighs  1  gram, 
we  may  obtain  the  weight  of  water  to  be  used  from  the  measure,  by 
simply  converting  the  measure  into  cubic  centimetres;   the  number 
thus  obtained  will  represent  at  once  the  corresponding  weight  of  water 
in  grams.     Of  course  this  conversion  is  strictly  accurate  only  when 
the  water  is  measured  at  4°  C.     But  for  ordinary  purposes  the  error 
introduced,  when  the  water  is  at  the  temperature  of  the  air,  is  too 
small  to  be  of  any  importance  in  the  preparation  of  solutions. 

The  weights  and  measures  most  frequently  used  for  chemical  pur- 
poses are  the  gram,  the  millimetre  (mm.),  the  litre,  and  the  cubic 
centimetre  (c.c.)  which  is  ^^  of  a  litre. 

ENGLISH  WEIGHTS  AND  MEASURES. 


Apothecaries  Weight. 
Ib.          oz.        drms.    scruples,     grains 

Avoirdupois  Weight. 
Ib.         oz          drms.           grains. 

1  =  12  = 

96  = 

288  =  5760 

1  =  16  =  256     = 

7000 

1  = 

8  = 

24   =     480 

1  =     16     = 

437-5 

1  = 

3  =       60 

1     = 

27-343 

1  =       20 

Imperial  Measure. 

gallon. 

pints.                  fluid  oz. 

fluid  drms. 

1 

=        8        =         160 

1280 

1         =          20        = 

160 

1                  

8 

1  gallon 
1  fluid  ounce  = 
1 

=  70,000  grains  of  water  at 
so  Pint          =437-5 
gallon          =  277-280  cubic  inches. 

16°  -7  C. 
» 

1  fluid  ounce  =  1-733 

FRENCH  WEIGHTS  AND  MEASURES. 


Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre 

Hectometre 

Kilometre 


metre. 
0-001 
0-01 
0-1 
1-0 
10-0 
100-0 
1000-0 


Myriometre  =  10000-0 
1  inch  = 
Ifoot 


Measures  of  Length. 
inches. 

•03937  = 

=  -39371  = 

3-93708  = 
=  39-37079  = 
=  393-70790  = 
=  3937-07900  = 
=  39370-79000  = 
=  393707-90000  = 
•0254  metre  =  2-5399  centimetres. 
•3048  , 


lile.    f 

ur.    yds. 

ft.     inches. 
..       -03937 
..      -39371 

.  , 

.  . 

3- 

9371 

.  . 

8 

3- 

371 

10 

2 

9- 

7 

109 

1 

1 

*4    213 

4 

10- 

2 

6      1     156 

0 

6 

1  sq.  inch  =  6*4514  sq.  centimetres. 
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FRENCH  WEIGHTS  AND  MEASURES—  continued. 

Measures  of  Capacity. 
1  litre  =  1  cubic  decimetre. 


Millimetre,  or  Cu 
Centimetre  (c.c.) 
Centilitre 
Decilitre 
Litre  .. 
Decalitre 
Hectolitre 
Kilolitre 
Myriolitre 


1  cubic  foot    =  28-31531  litres. 
1  gallon         =     4-54336    „ 

Measures  of  Weight. 
1  gram  =  the  weight  of  1  cubic  centimetre  (c.c.)  of  water  at  4°  C. 


Milligram 

Centigram 

Decigram 

Gram 

Decagram 

Hectogram 

Kilogram 

Myriogram 


litre.                   cubic  inches. 
)icj  =             -001  =               -06103 

pints. 
=          0-00176 

'..     =            -01 

•61027 

0-01761 

..     =             -1 

6-1027 

=           0-17608 

..     =          1-0 

61-027 

1-76077 

..      =         10-0 

610-27 

17-60773 

..      =       100-0 

=       6102-7 

=       176-07734 

..      =     1000-0 

=     61027-0 

=     1760-77341 

..      =   10000-0 

=  610270-0 

=  17607-73414 

1  cubic  inch  = 

•01639  litre. 

grams. 
•001  = 
•01     = 

grains. 
0-01543 
0-15432 

Avoirdupois. 

• 

1 

= 

1 

•54323 

1- 

0 

— 

15 

•43235 

Ibs. 

ozs. 

clrms. 

10- 

0 

= 

154 

•32349 

— 

0 

0 

5- 

65 

100- 

0 

zr 

1543 

•23488 

— 

0 

3 

8- 

5 

1000- 

0 

= 

15432 

•34880 

== 

2 

3 

5 

10000- 

0 

= 

154323 

•48800 

= 

22 

1 

2 

1  grain  =      0-0649  gram. 

1  oz.  (Troy)  =     31-1035  grams. 

1  Ib.  (Avoirdupois)  =  453  '593       „ 


firms. 

Grains. 

Deci- 

grrns. 

Grains. 

Centi- 
grammes. 

Grains. 

Milli- 
grammes. 

Grains. 

1 

15-4323 

1 

1-5432 

1 

•1543 

1 

•0154 

2 

30-8646 

2 

3-0864 

2 

•3086 

2 

•0308 

3 

46-2969 

3 

4-6297 

3 

•4630 

3 

•0463 

4 

61-7292 

4 

6-1730 

4 

•6173 

4 

•0617 

5 

77-1615 

5 

7-7161 

5 

•7716 

5 

•0771 

6 

92-5938 

6 

9-2593 

6 

•9260 

6 

•0926 

7 

108-0261 

7 

10-8026 

7 

1-0802 

7 

•1080 

8 

123-4584 

8 

12-3458 

8 

1-2345 

8 

•1234 

9 

138-8907 

9 

13-8890 

9 

1-3889 

9 

•1889 
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RELATIONSHIP  BETWEEN  THE  METRICAL  SYSTEM  AND  ENGLISH 
WEIGHTS  AND  MEASURES. 

A  cubic  foot  of  water  measures  6i  gallons,  and  weighs  exactly  1000 
ounces;  therefore  the  same  relationship  exists  between  the  cubic  foot 
ind  the  avoirdupois  ounce  as  between  the  litre  and  the  gramme.  The 
usual  tables  giving  the  weight  of  a  litre  of  a  gas  in  terms  of  the  gram, 
may  therefore  be  read  as  English  tables  giving  the  weight  of  a  cubic 
foot  in  terms  of  the  avoirdupois  ounce. 


USEFUL  MEMORANDA. 

Weight  of  1  c.c.  of  dry  hydrogen  at  0°  C.  and  760  mm.  =  0' 0000896 

gram. 

Weight  of  1  c.c.  of  dry  air  at  0°  C.  and  760  mm.  =  0' 00 12937  gram. 
Specific  gravity  of  hydrogen,  air  as  unit  =  0*0693. 
Specific  gravity  of  air,  hydrogen  as  unit  =  14 '43. 
Weight  of  1  c.c.  of  mercury  at  0°  C.  =  13*596  grams. 
Coefficient  of  expansion  for  gases  =  -^  =  0*003665. 
Average  percentage  of  oxygen  in  air,  by  volume  =  20*96. 


PERCENTAGE  BY  VOLUME,  CORRESPONDING  TO  THE  WEIGHT  IN 
GRAINS  OP  C02  PER  CUBIC  FOOT  OF  GAS,  AT  60°  FAHR. 
AND  30  IN.  BAR. 


Percentage 

Grains  of 

Percentage 

Grains  of 

Percentage 

Grains  of 

by 
Volume. 

C02  per 
cubic  foot. 

by 
Volume. 

C02  per 
cubic  foot. 

by 
Volume. 

C02per 
cubic  foot. 

o-i 

0-817 

1-1 

8-987 

2-1 

17*157 

0-2 

1-634 

1-2 

9-804 

2*2 

17-974 

0-3 

2-451 

1-8 

10-621 

2-3 

18-791 

0-4 

3-268 

•4 

11-438 

2-4 

19-608 

0-5 

4-085 

•5 

12-255 

2-5 

20-425 

0-6 

4*902 

•6 

13-072 

2-6 

21-242 

0-7 

5-719 

•7 

13-889 

2-7 

22-059 

0*8 

6-536 

•8 

14-706 

2-8 

22-876 

0*9 

7*353 

•9 

15-523 

2-9 

23*693 

1*0 

8-170 

2-0 

16-340 

3-0 

24-510 
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PERCENTAGE  BY  VOLUME,  CORRESPONDING  TO  THE  WEIGHT  IN 
GRAINS  OF  NH3  PER  CUBIC  FOOT  OF  GAS,  AT  60°  FAHK. 
AND  30  IN.  BAR. 


Percentage 

Grains  of 

Percentage 

Grains  of 

Percentage 

Grains  of 

by 
Volume. 

NH3per 
cubic  foot. 

by               NH3  per 
Volume.          cubic  loot. 

by 
Volume. 

NH3  pei- 
cubic  foot. 

0-1 

0*315 

1-1               3-471 

2-1 

6-627 

0-2 

0-631 

1-2               3-787 

2-2 

6-943 

0-3 

0-946 

1-3 

4-102 

2-3 

7-258 

0-4 

1-262 

1-4 

4-418 

2-4 

7-574 

0-5 

1-578 

1-5               4-734 

2-5 

7-890 

0-6 

1-893 

1-6 

5-049 

2-6 

8-205 

0-7 

2-2U9 

1-7               5-365 

2-7 

8-521 

0-8 

2-524 

1-8               5-680 

2-8 

8-836 

0-9 

2-840 

1-9               5-996 

2-9 

9-152 

1-0 

3-156 

2-0               6-312 

3-0 

9-468 

SOLUBILITY  OF  GASES  IN  WATER  (BY  VOLUME)  AT  A  PRESSURE 
OF  760  MM.  =  29-92  IN.  (Bunsen.) 


1  Vol.  of 
Water 
dissolves 
at°C. 

Am- 
monia. 

Atmo- 
spheric 
Air. 

Carbon 
Dioxide. 

Carbon 
Mon- 
oxide. 

Hydro- 
gen. 

Nitrogen. 

Oxygen. 

Sulphu- 
reited 
Hydro- 
gen. 

0 

0 

1049-60-02471 

1-7967 

0-032870-0193 

0-02035 

0-04114 

4-3706 

1 

1020-80-024061-7207 

0-032070-01930-01981 

0-04007 

4-2874 

2 

993-  3  0-023451  -6481 

0-03131  0-0193  0-01932  0-03907 

4-2053 

3 

967-  00-  02287  1-5787 

0-03057  0-0193  0-01884  0-03810 

4-1243 

4 

941  -9  0-02237  1-5126  0-02987  0-0193  0-01838  0-03717 

4-0442 

5 

917-9  0-02179  1  -4497  0-02920  0-0193  0-01794  0-03628  3-9652 

6 

895  •  0  0  •  02128  1  •  3901  0  •  02857  0  •  0193  0  •  01752  0  •  03554J3  •  8872 

7 

873-1 

0  •  02080  1  •  3339  0  •  02796  0  •  0193  0  •  01713  0  •  03465  3  •  8103 

8 

852-1 

0-02034  1-2809  0-02739  0-01  93  0-01675  0-03389  3  -7345 

9 

832-00-019921-2311 

0-02686  0-0193  0-01640  0-03317  3-6596 

10 

812-80-019531-1847 

0  •  02635  0  •  0193  0  •  01607  0  •  03250  3  •  5858 

11 

794-  3  0-01916  1-1416  0-02588  0-0193  0-01577  0-03189  3-  5132 

12 

776  -6  0-01882  1-1018  0-02544  0-0193  0-01549  0-03133  3-  4415 

13 

759-60-01851 

1-0653  0-02504  0-01  93  0-01523  0-03082  3  -3708 

14 

743-  10-  01822  1-0321  0-02466  0-0193  0-01500  0-03034  3  -3012 

15 

727  •  2  0  •  01795  1  •  0020  0  •  02432  0  •  0193  0  •  01478  0  •  02989  3  •  2326 

16        I  711-80-01771  0-9753;0-024020-01930-014580-029493-1651 

17           696-  9  0-01750  0-95190-  02374  0-0193  0-01441  0-029143-0986 

18 

682  -3  0-01732  0-9318  0-02350  0-0193  0-01426  0-02884  3-  0331 

19           668  •  0  0  •  01717  0  •  9150  0  •  02329  0  •  0193  0  •  01423  0  •  02858  2  •  9687 

20           654-00-017040-90140-023120-01930-014030-028382-9053 

1 

I 

! 
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(Mean  results  of  the  observations  of  Kopp,  Pierre,  Despretz,  Hagen, 
Matthiessen,  Weidner,  Kremers,  and  Rossetti.) 


Temp. 

Sp.  gr.  of  Water 
(atO°  =  l). 

Volume  of  Water 
(atO°  =  l). 

Sp.  gr.  of  Water 
(at4°  =  l). 

Volume  of  Water 
(at4°  =  l). 

o 

0 

1-000000 

1-000000 

•999871 

1-000129 

1 

1-000057 

0-999943 

•999928 

1-000072 

2 

1-000098 

•999902 

•999969 

1-000031 

3 

1-000120 

•999880 

•999991 

1-000009 

4 

1-000129 

•999871 

1-000000 

1-000000 

5 

1-000119 

•999881 

0-999990 

1-000010 

6 

1-000099 

•999901 

•999970 

1  •  000030 

7 

1-000062 

•999938 

•999933 

1-000067 

8 

1-000015 

•999985 

•999886 

1-000114 

9 

0-999953 

1-000047 

•999824 

•000176 

10 

•999876 

1-000124 

•999747 

•000253 

11 

•999784 

1-000216 

•999655 

•000345 

12 

•999678 

1-000322 

•999549 

•000451 

13 

•999559 

1-000441 

•999430 

•000570 

14 

•999429 

1-000572 

•999299 

•000701 

15 

•999289 

1-000712 

•999160 

•000841 

16 

•999131 

1-000870 

•999002 

•000999 

17 

•998970 

1-001031 

•998841 

•001160 

18 

•998782 

1-001219 

•998654 

•001348 

19 

•998588 

1-001413 

•998460 

•001542 

20 

•998388 

1-001615 

•998259 

•001744 

21 

•998176 

1-001828 

•998047 

•001957 

22 

•997953 

•002049 

•997826 

•002177 

23 

•997730 

•002276 

•997601 

•002405 

24 

•997495 

•002511 

•997367 

•002641 

25 

•997249 

•002759 

•997120 

•002888 

26 

•996994 

•003014 

•996866 

•003144 

27 

•996732 

•003278 

•996603 

•003408 

28 

•996460 

•003553 

•996331 

•003682 

29 

•996179 

•003835 

•996051 

•003965 

30 

•995894 

•004123 

•995765 

•004253 

35 

•99431 

•00572 

•99418 

•00586 

40 

•99248 

•00757 

•99235 

•00770 

50 

•98833 

•01181 

•98820 

•01195 

60 

•98351 

•01677 

•98338 

•01691 

70 

•97807 

1-02243 

•97794 

•02256 

80 

•97206 

1-02874 

•97194 

•02887 

90 

•96568 

1-03554 

•96556 

•03567 

100 

•95878 

1-04300 

•95865 

1-04312 
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COMPARISON  OF  TWADDELL'S  HYDROMETER  WITH  SPECIFIC 
GRAVITY. 


d 

H 

sf 

coo 

TwaddelL 

«§£ 

11 

coc5 

TwaddelL 

s£ 

o  03 

<»£ 

I 
e 

<§£• 

11 

CCo 

TwaddelL 

l£ 

OJO 

TwaddelL 
1 

s* 

P 

c»O 

0 

1-000 

25 

1-125 

52-6 

1-263 

81 

1-405 

110 

1-550 

141 

1-705 

1 

1-005 

26 

1-130 

53 

1-265 

82 

1-410 

111 

1-555 

142 

1-710 

1-4 

1-007 

26-8 

1-134 

54 

1-270 

83 

1-415 

112 

1-560 

143 

1-715 

2 

1-010 

27 

1-135 

54-8 

1-274 

84 

1-420 

112-6 

1-563 

144 

1-720 

2-8 

1-014 

28 

1-140 

55 

1-275 

84-8 

1-424 

113 

1-565 

145 

1-725 

3 

1-015 

28-4 

1-142 

56 

1-280 

85 

1-425 

114 

1-570 

146 

1-730 

4 

1-020 

29 

1-145 

57 

1-285 

86 

1-430 

115 

1-575 

146-4 

1-732 

4-4 

1-022 

30 

1-150 

58 

1-290 

87 

1-435 

116 

1-580 

147 

1-735 

5 

1-025 

30-4 

1-152 

59 

1-295 

87-6 

1-438 

117 

1-585 

148 

1-740 

5-8 

1-029 

31 

1-155 

59-4 

1-297 

88 

1-440 

118 

1-590 

149 

1-745 

6 

1-030 

32 

1-160 

60 

1-300 

89 

1-445 

119 

1-595 

150 

1-750 

7 

1-035 

32-4 

1-162 

61 

1-305 

90 

1-450 

119-4 

1-597 

150-6 

1-753 

7-4 

1-037 

33 

1-165 

61-6 

1-308 

90-6 

1-453 

120 

•600 

151 

1-755 

8 

•040 

34 

1-170 

62 

1-310 

91 

1-455 

121 

•605 

152 

1-760 

9 

•045 

34-2 

1-171 

63 

1-315 

92 

1-460 

122 

•610 

153 

1-765 

10 

•050 

35 

1-175 

64 

1-320 

93 

1-465 

123 

•615 

154 

1-770 

10-2 

•052 

36 

1-180 

65 

1-325 

93-6 

1-468 

124 

•620 

155 

1-775 

11 

•055 

37 

1-185 

66 

1-330 

94 

1-470 

125 

•625 

156 

1-780 

12 

•060 

38 

l-19(i 

66-4 

1-332 

95 

1-475 

126 

•630 

157 

1-785 

13 

1-065 

39 

1-195 

67 

1-335 

96 

1-480 

127 

•635 

158 

1-790 

13-4 

1-067 

40 

1-200 

68 

1-340 

96-6 

1-483 

128 

•640 

159 

1-795 

14 

1-070 

41 

1-205 

69 

1-345 

97 

1-485 

129 

•645 

160 

1-800 

15 

1-075 

42 

1-210 

70 

1-350 

98 

1-490 

130 

•650 

161 

1-805 

16 

1-080 

43 

1-215 

71 

1-355 

99 

1-495 

130-4 

•652 

162 

1-810 

16-6 

1-083 

44 

•220 

71-4 

1-357 

99-6 

1-498 

131 

•655 

163 

1-815 

17 

•085 

45 

•225 

72 

1-360 

100 

•500 

132 

•660 

164 

1-820 

18 

•090 

46 

•230 

73 

1-365 

101 

•505 

133 

•665 

165 

1-825 

18-2 

•091 

46-2 

•231 

74 

1-370 

102 

•510 

134 

•670 

166 

1-830 

19 

•095 

47 

•235 

75 

1-375 

103 

•515 

134-2 

•671 

167 

1-835 

20 

•100 

48 

•240 

76 

1-380 

104 

•520 

135 

•675 

168 

1-840 

21 

•105 

48-2 

1-241 

76-6 

1-383 

105 

•525 

136 

•680 

168-4 

1-842 

21-6 

1-108 

49 

1-245 

77 

1-385 

106 

1-530 

137 

•685 

169 

1-845 

22 

1-110 

50 

1-250 

78 

1-390 

107 

1-535 

138 

1-690 

170 

1-850 

23 

1-115 

50-4 

1-252 

79 

1-395 

108 

1-540 

138-2 

1-691 

171 

1-855 

23-2 

1-116 

51 

1-255 

79-4 

1-397 

109 

1-545 

139 

1-695 

172 

1-860 

24 

1-120 

52 

1-260 

80 

1-400 

109-2 

1-546 

140 

1-700 

173 

1-865 

To  convert  degrees  Twaddell  into  specific  gravity  (water  =  1*000) 
multiply  the  number  of  degrees  by  5,  and  add  1  •  000  to  the  product.  To 
reduce  specific  gravity  (water  =  1 -000)  to  degrees  Twaddell:  deduct 
1-000,  and  divide  the  remainder  by  5. 
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BOILING  POINTS  OF  WATER  AT  DIFFERENT  BAROMETRICAL 

PRESSURES. 


Boiling 
Point  F. 

Barometer 
Inches. 

Boiling 
Point  F. 

Barometer 
Inches. 

Boiling 
Point  F. 

Barometer 
Inches. 

o 

o 

0 

184             16-676 

195 

21-124 

206 

26-529 

185 

17-047 

196 

21-576 

207 

27-068 

186 

17-421 

197 

22-030 

208 

27-614 

187             17-803 

198 

22-498 

209 

28-183 

188             18-196 

199 

22-965 

210 

28-744 

189 

18-593 

200 

23-454 

211 

29-331 

190 

18-992 

201 

23-937 

212 

29-922 

191 

19-407 

202 

24-441 

213 

30-516 

192 

19-822 

203 

25-014 

214 

31-120 

193 

20-254 

204 

25-468 

215 

31-730 

194 

20-687 

205 

25-992 

216 

32-350 

TEMPERATURE  OF  STEAM  AT  HIGH  PRESSURES. 


Pressure  in 

Pressure  in 

Pressure  in 

Atmospheres 
of  30  inches 

Temp. 
Fahr. 

Atmospheres 
of  30  inches 

Temp. 
Fahr. 

Atmospheres        Temp, 
of  30  inches          Fahr. 

of  Mercury. 

of  Mercury. 

of  Mercury. 

0 

0 

o 

1 

212-0 

8 

339-4 

15 

390-0 

2 

249-5 

9 

348-4 

16 

395-4 

3 

273-3 

10 

356-5 

17 

400-8 

4 

291-2 

11 

364-3 

18 

405-9 

5 

306-0 

12 

371-1 

19 

410-7 

6 

318-2 

13 

377-8 

20 

415-4 

7 

329-5 

14 

384-0 

x  2 
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GRAINS  OP  SULPHUR  (CORRECTED)  IN  100  CUBIC  FEET  OP  GAS, 

CALCULATED    FROM     BARIUM     SULPHATE     OBTAINED      BY     GAS 

KEFEREES'  METHOD.     (Sugg.*) 


TABULAR  NUMBER. 

-S 

1060 

1040 

1020 

1000        980 

960 

940 

920  ^ 

•si, 

11 

AEROUTHOMETEB  NUMBER. 

O   3 

i 

943 

962 

980 

1000 

1020 

1042 

1064 

1087 

i 

2-59 

2-64 

2-70 

2-75 

2-81 

2-86 

2-93 

2-99 

•2 

3-11 

3-17 

3-24 

3-30 

3-37 

3-44 

3-51 

3-59 

•4 

3-63 

3-70 

3-77 

3-85 

3-93 

4-01 

4-10 

4-18 

•6 

4-15 

4-23 

4-31 

4-40 

4-49 

4-58 

4-68 

4-78 

•8 

4-67 

4-76 

4-85 

4-95 

5-05 

5-16 

5-27 

5-38 

2 

5-19 

5-29 

5-39 

5-50 

5-61 

5-73 

5-85 

5-98 

•2 

5-71 

5-82 

5-93 

6-05 

6-17 

6-30 

6-44 

6-58 

•4 

6-23 

6-35 

6-47 

6-60 

6-73 

6-88 

7-02 

7-17 

•6 

6-74 

6-87 

7-01 

7-15 

7-30 

7-45 

7-61 

7-77 

•8 

7-26 

7-40 

7-55 

7-70 

7-86 

8-02 

8-19 

8-37 

3 

7-78 

7-93 

8-09 

8-25 

8-42 

8-59 

8-78 

8-97 

•2 

8-30 

8-46 

8-63 

8-80 

8-98 

9-16 

9.36 

9-57 

•4 

8-81 

8-98 

9-17 

9-35 

9-54 

9-73 

9-95 

10-16 

•6 

9-33 

9-51 

9-71 

9-90 

10-10 

10-30 

10-53 

10-76 

•8 

9-85 

10-04 

10-24 

10-45 

10-66 

10-88 

11-12 

11-36 

4 

10-38 

10-58 

10-78 

11-00 

11-22 

11-46 

11-70 

11-96 

•2 

10-90 

11-11 

11-32 

11-55 

11-78 

12-03 

12-28 

12-56 

•4 

11-41 

11-63 

11-86 

12-10 

12-31 

12-60 

12-87 

13-16 

•6 

11-93 

12-16 

12-40 

12-65 

12-90 

13-17 

13-45 

13-75 

•8 

12-45 

12-69 

12-94 

13-20 

13-46 

13-74 

14-04 

14-35 

5 

12-97 

13-22 

13-48 

13-75 

14-03 

14-32 

14-63 

14-95 

•2 

13-49 

13-74 

14-02 

14-30 

14-59 

14-89 

15-21 

15-54 

•4 

14-00 

14-27 

14-56 

14-85 

15-15 

15-46     15-80 

16-14 

•6 

14-52 

14-80 

15-10 

15-40 

15-71 

16-03 

16-38 

16-74 

•8 

15-04 

15-33 

15-64 

15-95 

16-27 

16-60 

16-97 

17-33 

6 

15-56 

15-86 

16-18 

16-50     16-84 

17-18 

17-55 

17-93 

•2 

16-07 

16-38 

16-72 

17-05 

17-40 

17-76 

18-14 

18-53 

•4 

16-59 

16-91 

17-25 

17-60 

17-97 

18-33 

18-72 

19-12 

•6 

17-11 

17-44 

17-79 

18-15 

18-53 

18-90 

19-31 

19-72 

•8 

17-63 

17-97 

18-33 

18-70 

19-09 

19-47 

19-89 

20-32 

7 

18-16 

18-51 

18-87 

19-25 

19-64 

20-05 

20-48 

20-92 

•2 

18-67 

19-04 

19-41 

19-80 

20-20 

20-62 

21-06 

21-52 

•4 

19-19 

19-57 

19-95 

20-35 

20-76 

21-19 

21-65 

22-12 

•6 

19-71 

20-10 

20-49 

20-90 

21-32 

21-77 

22-23 

22-72 

•8 

20-23 

20-63 

21-03 

21-45 

21-88 

22-34 

22-82 

23-31 
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TABULAR  NUMBER. 

I 

1060   !    1040 

1020 

1000 

980 

960    1     940 

920^ 

it 

AERORIHOMETER  NUMBER. 

1 

943 

962 

980 

1000 

1020 

1042 

1064 

1087 

8 

20-75 

21-15 

21-57 

22-00 

22-45 

22-91 

23-40 

23-91 

•2 

21-27 

21-68 

22-11 

22-55 

23-01 

23-49 

23-99 

24-51 

•4 

21-79 

22-21 

22-65 

23-10 

23-57 

24-06 

24-57 

25-11 

•6 

22-31 

22-74 

23-19 

23-65 

24-13 

24-63 

25-16 

25-71 

•8 

22-83 

23-27 

23-72 

24-20 

24-69 

25-20 

25-74 

26-30 

9 

23-35 

23-80 

24-26 

24-75 

25-25 

25-78 

26-33 

26-90 

•2 

23-87 

24-33 

24-80 

25-30 

25-82 

26-35 

26-91 

27-50 

•4 

24-38 

24-85 

25-34 

25-85 

26-37 

26-92 

27-50 

28-10 

•6 

24-90 

25-38 

25-88 

26-40 

26-94 

27-50 

28-08 

28-70 

•8 

25-42 

25-91 

26-42 

26-95 

27-50 

28-07 

28-67 

29-29 

10 

25-94 

26-44 

26-96 

27-50 

28-06 

28-64 

29-25 

29-89 

•2 

26-46 

26-97 

27-50 

28-05 

28-62 

29-21 

29-84 

30-49 

•4 

26-98 

27-50 

28-04 

28-60 

29-18 

29-79 

30-42 

31-09 

•6 

27-50 

28-03 

28-58 

29-15 

29-74 

30-36 

31-01 

31-68 

•8 

28-02 

28-56 

29-12 

29-70 

30-30 

30-93 

31-59 

32-28 

11 

28-53 

29-08 

29-66 

30-25 

30-87     31-50 

32-18 

32-88 

•2 

29-05 

29-61 

30-19 

30  -80 

31-43     32-08 

32-76 

33-48 

•4 

29-57 

30-14 

30-73 

31-35 

31-99  !  32-65 

33-35 

34-08 

•6 

30-09 

30-67 

31-27 

31-90 

32-55 

33-22 

33-93 

34-67 

•8 

30-61 

31-20 

31-81 

32-45 

33-11 

33-80 

34-52 

35-27 

12 

31-13 

31-73 

32-35 

33-00 

33-67 

34-37 

35-10 

35-87 

*2 

31-65 

32-26 

32-89 

33-55 

34-23 

34-94 

35-69 

36-47 

•4 

32-17 

32-79 

33-43 

34-10  !  34-79 

35-52 

36-27 

37-07 

•6 

32-69 

33-32 

33-97 

34-65 

35-35 

36-09 

36-86 

37-66 

•8 

33-20 

33-85 

34-51 

35-20 

35-91 

36-66 

37-44 

38-26 

13 

33-72 

34-37 

35-05 

35-75 

36-48 

37-23 

38-03 

38-86 

•2 

34-24 

34-90 

35-59 

36-30 

37-04 

37-81 

38-61 

39-46 

•4 

34-76 

35-43 

36-13 

36-85 

37-60 

38-38 

39-20 

40-06 

•6 

35-28 

35-96 

36-66 

37-40 

38-16 

38-95 

39-78 

40-65 

•8 

35-80 

36-49 

37-20 

37-95 

38-72 

39-53 

40-37 

41-25 

14 

36-32 

37-02 

37-74 

38-50 

39-28 

40-10 

40-95 

41-85 

•2 

36-84 

37-55 

38-28 

39-05 

39-84 

40-67 

41-54 

42-45 

•4 

37-35 

38-07 

38-82 

39-60 

40-40 

41-25 

42-12 

43-05 

•6 

37-87 

38-60 

39-36 

40-15 

40-96 

41-82 

42-71 

43-64 

•8 

38-39 

39-13 

39-90 

40-70 

41-52 

42-39 

43-29 

44-24 

15 

38-91 

39-66 

40-44 

41-25 

42-09 

42-96 

43-88 

44-84 
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TENSION  OF  AQUEOUS  VAPOUR  IN  INCHES  OF  MERCURY  FROM 
1°  TO  100°  F. 


Temperature 
Fahrenheit. 

Inches  of 
Mercury. 

Temperature 
Fahrenheit. 

Inches  of 
Mercury. 

Temperature 
Fahrenheit. 

Inches  of 
Mercury. 

o 

* 

1 

•046 

36 

•212 

71 

•759 

2 

•048 

37 

•220 

72 

•785 

3 

•050 

38 

•229 

73 

•812 

4 

•052 

39 

•238 

74 

•840 

5 

•054 

40 

•247 

75 

•868 

6 

•057 

41 

•257 

76 

•897 

7 

•060 

42 

•267 

77 

•927 

8 

•062 

43 

•277 

78 

•958 

9 

•065 

44 

•288 

79 

•990 

10 

•068 

45 

•299 

80 

1-023 

11 

•071 

46 

•311 

81 

1-057 

12 

•074 

47 

•323 

82 

1-092 

13 

•078 

48 

•335 

83 

1-128 

14 

•082 

49 

•348 

84 

1-165 

15 

•086 

50 

•361 

85 

1-203 

16 

•090 

51 

•374 

86 

1-242 

17 

•094 

52 

•388 

87 

1-282 

18 

•098 

53 

•403 

88        ,       1-323 

19 

•103 

54 

•418 

89 

1-366 

20 

•108 

55 

•433 

90 

1-401 

21 

•113 

56 

•449 

91 

1-455 

22 

•118 

57 

•465 

92 

1-501 

23 

•123 

58 

•482 

93 

1-548 

24 

•129 

59 

•500 

94 

1-596 

25 

•135 

60 

•518 

95 

1-64G 

26 

•141 

61 

•537 

96 

1-697 

27 

•147 

62 

•556 

97 

1-751 

28 

•153 

63 

•576 

98 

1-806 

29 

•160 

64 

•596 

99 

1-862 

30 

•167 

65 

•617 

100 

1-918 

31 

•174 

66 

•639 

32 

•181 

67 

•661 

33 

•188 

68 

•685 

34 

•196 

69 

•708 

35 

•204 

70 

•733 
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TENSION  OF  AQUEOUS  VAPOUR  FOR  EACH  TENTH  OF  A  DEGREE 

C.     (Eegnault.) 


Temp.  C. 

Tension 
n  mm.  of 
Mercury. 

Temp.  C. 

Tension 
in  mm.  of 
Mercury. 

Temp.  C. 

Tension 
in  mm.  of 
Mercury. 

Temp.  C. 

Tension 
in  mm.  of 
Mercury. 

o-o 

4-6 

3'0 

5-7 

6-0 

7-0 

9-0 

8-6 

•1 

4-6 

•1 

5-7 

•1 

7-0 

•1 

8-6 

•2 

4-7 

•2 

5-8 

•2 

7-1 

•2 

8-7 

•3 

4-7 

•3 

5-8 

•3 

7-1 

•3 

8-7 

•4 

4-7 

•4 

5-8 

•4 

7-2 

•4 

8-8 

•5 

4-8 

•5 

5-9 

•5 

7-2 

•5 

8-9 

•6 

4-8 

•6 

5-9 

•6 

7-3 

•6 

8-9 

•7 

4-8 

•7 

6-0 

•7 

7-3 

•7 

9-0 

•8 

4-9 

•8 

6-0 

•8 

7-4 

•8 

9'0 

•9 

4-9 

•9 

6-1 

•9 

7-4 

•9 

9-1 

1-0 

4-9 

4-0 

6-1 

7-0 

7-5 

10-0 

9-2 

•1 

5-0 

•1 

6-1 

•1 

7-5 

•1 

9'2 

•2 

5-0 

•2 

6-2 

•2 

7-6 

•2 

9-3 

•3 

5-0 

•3 

6-2 

•3 

7-6 

•3 

9-3 

•4 

5-1 

•4 

6-3 

•4 

7-7 

•4 

9-4 

•5 

5-1 

•5 

6-3 

•5 

7-8 

•5 

9-5 

•6 

5-2 

•6 

6-4 

•6 

7'8 

•6 

9-5 

•7 

5-2 

•7 

6-4 

•7 

7-9 

•7 

9-0 

•8 

5-2 

•8 

6-4 

•8 

7-9 

•8 

9-7 

•9 

5-3 

•9 

6-5 

•9 

8-0 

•9 

9-7 

2-0 

5-3 

5-0 

6-5 

8-0 

8-0 

11-0 

9-8 

•1 

5-3 

•1 

6-6 

•1 

8-1 

•1 

9-9 

•2 

5-4 

•2 

6-6 

•2 

8-1 

•2 

9-9 

•3 

5-4 

•3 

6-7 

•3 

8-2 

•3 

10-0 

•4 

5-5 

•4 

6-7 

•4 

8-2 

•4 

10-1 

•5 

5-5 

•5 

6-8 

•5 

8-3 

•5 

10-1 

•6 

5-5 

•6 

6-8 

•6 

8-3 

•6 

10-2 

7 

5-6 

•7 

6-9 

•7 

8-4 

•7 

10-3 

•8 

5-6 

•8 

6-9 

•8 

8-5 

•8 

10-3 

•9 

5-6 

•9 

7-0 

•9 

8-5 

•9 

10-4 
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TENSION  OP  AQUEOUS  VAPOUR— continued. 


Temp.  C. 

Tension 
in  mm.  of 
Mercury. 

Temp.  C. 

Tension 
in  mm.  of 
Menmry. 

Temp.  C. 

Tension 
In  mm.  of 
Mercury. 

Temp.  C. 

Tension 
in  mm.  of 
Mercury. 

12-0 

10-5 

15-0 

12'7 

18-0 

15-4 

21-0 

18-5 

•1 

10-5 

•1 

12-8 

•1 

15-5 

•1 

18-6 

•2 

10-6 

•2 

12-9 

•2 

15-6 

•2 

18-7 

•3 

10-7 

•3 

12-9 

•3 

15-7 

•3 

18-8 

•4 

10-7 

•4 

13-0 

•4 

15-7 

•4 

19-0 

•5 

10-8 

•5 

13-1 

•5 

15-8 

•5 

19-1 

•6 

10-9 

•6 

13-2 

•G 

15-9 

•6 

19-2 

•7 

10-9 

•7 

13-3 

•7 

16-0 

•7 

19-3 

•8 

11-0 

•8 

13-4 

•8 

16-1 

•8 

19-4 

•9 

11-1 

•9 

13-5 

•9 

16-2 

•9 

19-5 

13-0 

11-2 

16-0 

13-5 

19-0 

16-3 

22-0 

19-7 

•1 

11-2 

•1 

13-6 

•1 

16-4 

•1 

19-8 

•2 

11-3 

•2 

13*7 

•2 

16-6 

•2 

19-9 

•3 

11-4 

•3 

13-8 

•3 

16-7 

•3 

20-0 

•4 

11-5 

•4 

13-9 

•4 

16-8 

•4 

20-1 

•5 

11-5 

•5 

14-0 

•5 

16-9 

•5 

20-3 

•6 

11-6 

•6 

14-1 

•6 

17-0 

•6 

20-4 

•7 

11-7 

•7 

14-2 

•7 

17-1 

•7 

20-5 

•8 

11-8 

•8 

14-2 

•8 

17-2 

•8 

20  MJ 

•9 

11-8 

•9 

14-3 

•9 

17-3 

•9 

20-8 

14-0 

11-9 

17-0 

14-4 

20-0 

17-4 

23-0 

20-9 

•1 

12-0 

•1 

14-5 

•1 

17-5 

•1 

21-0 

•2 

12-1 

•2 

14-6 

•2 

17-6 

•2 

21-1 

•3 

12-1 

•3 

14-7 

•3 

17-7 

•3 

21-3 

•4 

12-2 

•4 

14-8 

•4 

17-8 

•4 

21-4 

•5 

12-3 

•5 

14-9 

•5 

17-9 

•5 

21-5 

•6 

12-4 

•6 

15-0 

•6 

18-0 

•6 

21-7 

•7 

12-5 

•7 

15-1 

•7 

18-2 

•7 

21-8 

•8 

12-5 

•8 

15-2 

•8 

18-3 

•8 

21-9 

•9 

12-6 

•9 

15-3 

•9 

18-4 

•9 

22-1 
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TENSION  OF  AQUEOUS  VAPOUB,  ETC. — continued. 


Temp.  C. 

Tension 
in  mm.  of 
Mercury. 

Temp.  C. 

Tension 
in  mm.  of 
Mercury. 

Temp.  C. 

Tension 
in  mm.  of 
Mercury. 

24-0 

22-2 

26-0 

25-0 

28-0 

28-1 

•1 

22-3 

•1 

25-1 

•1 

28-3 

•2 

22-5 

•2 

25-3 

•2 

28-4 

•3 

22-6 

•3 

25-4 

•3 

28-6 

•4 

22-7 

•4 

25-ti 

•4 

28-8 

•5 

22-9 

•5 

25-7 

•5 

28-9 

•6 

23-0 

•6 

25-9 

•6 

29-1 

•7 

23-1 

•7 

26-0 

•7 

29-3 

•8 

23-3 

•8 

26-2 

•8 

29-4 

•9 

23-4 

•9 

26-4 

•9 

29-0 

25-0 

23'5 

27-0 

26-5 

29-0 

29-8 

•1 

23-7 

•1 

26-7 

•1 

30-0 

•2 

23-8 

•2 

26-8 

•2 

30-1 

•3 

24-0 

•3 

27-0 

•3 

30-3 

•4 

24-1 

•4 

27-1 

•4 

30-5 

•5 

24-3 

•5 

27-3 

•5 

30-7 

•6 

24-4 

•6 

27-5 

•6 

30-8 

•7 

24-6 

•7 

27-6 

•7 

31-0 

•8 

24-7 

•8 

27-8 

•8 

31-2 

•9 

24*8 

•9 

27-9 

•9 

31-4 
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SPECIFIC  GRAVITY  OF  VARIOUS  GASES. 


Name  of  Gas. 

Molecular 
Weight. 

Experimental 
Specific 
Gravity. 
Air  =  1. 

Weight  of 
1  cubic  foot 
in  grains  at 
60°  F.  and 
30-0°  Bar. 

Number  of 
cubic  feet 
equal  to 
lib. 

Hydrogen,  H2        
Marsh  gas,  CH4     
Ammonia,  NH3     
Carbonic  oxide,  CO 
Olefiant  gas,  C2H4 
Nitrogen,  N«  .  .      .  .      .  •      •  • 

2 
16 
17 

28 
28 

28 

0-06926 
0-558 
0-597 
0-9678 
0-971 
0-97137 

37-15 
297-20 
315-77 
520-10 
520-10 
520-10 

188-42 
23-55 
22-17 
13-46 
13-46 
13-46 

Air  

1-000 

535-96 

13-03 

32 

1-10503 

594-40 

11-77 

Sulphuretted  hydrogen,  SH2 
Carbonic  acid,  CO2 
Water  vapour,  H2O 
Bisulphide  of  carbon,  CS2    .  . 

34 
44 
18 

76 

1-1912 
1-529 
0-615 

2-640 

631-54 
817-30 
334-35 
1411-70 

11-09 
8-56 
20-93 
4-95 

In  order  to  obtain  the  weight  of  a  cubic  foot  of  any  gas  whose  molecular 
formula  is  known,  calculate  the  molecular  weight,  and  multiply  the  weight 
of  1  cubic  foot  of  hydrogen  (37*15  grains)  by  half  the  molecular  weight 
of  the  gas ;  this  will  give  the  weight  in  grains  of  1  cubic  foot  of  the  gas. 

For  example,  the  molecular  weight  of  marsh  gas  =  16,  divide  this  by 
2  =  8,  which  multiplied  by  37-15  =  297*20  grains,  as  in  the  table. 

When  it  is  not  requisite  to  be  strictly  accurate,  a  cubic  foot  of  hydrogen 
may  be  taken  as  weighing  37  grains ;  this  is  a  number  easily  remembered, 
and  by  means  of  the  same  the  weights  of  different  gases  are  easily 
calculated. 

The  same  rules  also  apply  to  the  metric  system  of  weights  and 
measures,  the  standard  in  this  case  being  the  weight  of  a  litre  of 
hydrogen  at  0°  C.  and  760  ram.;  this  weighs  -08958  gram. 
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PRODUCTS  OF  THE  DESTRUCTIVE  DISTILLATION  OF  COAL.     (Mills.) 


Name. 

Formula. 

Boiling  Point. 

Melting  Point. 

°C. 

°C 

Hydrogen         
Methylic  hydride    ..      .. 

OH. 

•• 

Hexylic         „ 

68 

Octylio          „ 

oX* 

119 

Decylic         „ 

Ci0H22 

171 

Paraffin     

CnH2   -f-  2 

400  (?) 

Ethylene  

C2H4 

-  102-5 

Tritylene  

C3H6 

Tetrylene  

-5 

Pentylene         

OH* 

31 

Hexylene  , 

71 

Heptylene         
Acetylene         

O'H" 

C2H24 

97 

Crotonylene      

C4H6 

25 

Terene       

it 

Hexoylene        

C6H8o 

80 

Styrolene  

C8H8° 

145 

Thiophene        

C4H4S 

84 

Thiotoluene      

05H6S 

113 

Thioxene  

06H8S 

137 

Benzene    

C6H6 

80 

5    7 

Parabenzene*   

oX 

97 

Toluene     

C  H 

111 

Orthoxylene     

C  H 

143 

Paroxylene       

0  H, 

137 

Metaxylene      

C8H10 

137 

Cumene     

C9H14 

166 

Mesitylene       

^9      12 

163 

Cymene     

166 

Terpene     
Naphthalin       

c"!" 

171 

218 

80 

Methylnaphthalin    .. 
Naphthalin  hydride 
Naphthols,  a,  0 

cCXo 

242 
279*,*288 

-  18 
210 
94,33 

Phenyl      

C12H10 

254 

70 

Acenaphthene  

285 

100 

Fluorene    

C13H10 

295 

113 

Phenanthracene      .. 

oM! 

340 

99 

Anthracene      

360 

213 

Fluoranthrene  

c'lXo 

109. 

Pyrene      

0  H 

M 

148 

Anthracene  hydride 
Methyl  anthracene  ..      .. 

C14H12 

305 

106 
200 

Chrysene  

C18H12 

•• 

249 

Dipropargyl. 
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PRODUCTS  OP  THE  DESTRUCTIVE  DISTILLATION  OP  COAL — continued. 


Name. 

Formula. 

Boiling  Point. 

Melting  Point. 

Retene      

CI8Hlt 

850 

99 

Picene(?)  

CfT 
ffUlJ 

519 

338 

Water        

H20 

100 

Hydric  sulphide 
„      cyanide 

H2S 
HCN 

26 

-*85 
-  18 

„      sulphocyanide 

HCNS 

f  . 

tt 

Carbonic  oxide 

CO 

-  193 

tt 

„       dioxide     .. 

C02 

-78 

tt 

„       disulphide 

CS2 

47 

-110 

Sulphuric  dioxide    .. 

S02 

-  10 

Hydric  acetate 

C2H402 

120 

is 

Acetonitril        

C2H3N 

77 

,, 

Ethylic  alcohol  (?)  .. 

C2H6O 

78 

-  130-5 

Phenol      

C6H60 

182 

42 

Hydric  benzoate 

C7H602 

250 

120 

Kreasols,  o.  m.  p. 

C7H80 

118,  201,  199 

31  (?),  36 

Pyrokreasols,  o,  /3,  y 

.. 

104,  124,  195 

Phlorol      

O  H    O 

219 

Ammonia    ...       •       • 

"WH" 

—  33 

70  <n 

Butylamine 

C4HUN 

75-5 

.. 

CflH7N 

182 

^    Q 

C,H13N 

96 

Pyridine    

cSS 

115 

C«H7N 

134 

Lutidine    

^^6       7 

157 

* 

Collidine   

CgHnN 

170 

g 

Parvoline  
Coridine    

C9H18N 

C10H15N 

188 
211 

• 

Rubidine  

C,,H1TN 

230 

Viridine     

CAN 

251 

oSnr 

360 

107 

Carbazol            •               . 

C12HgN 

355 

238 

Phenylnaphthylcarbazol 

330 

Leucoline  

09H7N 

220*,  238 

.. 

Lepidine  

C  H  N 

254,  268 

Iridoline    

10      9 

M 

Cryptidine        

CnHnN 

272 

.. 

Tetracoline       

C12H13N 

292 

.. 

Pentacoline      

013H15N 

312 

M 

Hexacoline       ... 

014H17N 

327 

..   • 

Heptacoline     

015H19N 

347 

.. 

Octacoline        

362 

.. 

Pyrrhol     

C^i? 

133 

., 

Carbon  (hydrogenated)  .. 

.. 

.. 

Sulphur     
Nitrogen  

S2 
N, 

400 
-193 

115 

-  213  (?) 
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SPECIFIC  GRAVITIES  or  SOME  COAL  TAB  COMPOUNDS. 
(Mills.) 


Specific  Gravity. 

Compound. 

At  0°  C. 

At  15°  C. 

At  18°  C. 

Benzene       

•8991 

•8846 

_ 

Toluene       

•8841 

•8702 

— 

Xylene  (mixed  isomers)    .. 
Naphthalin  

•877 

- 

1-158 

Carbonic  disulphide  .. 

— 

1-272 

— 

Phenol         

— 



1-OG5 

Aniline        

1-036 

—  — 

"~~ 

CHANGES  OF  VOLUME  WHEN  GASES  ABE  BUBNT  IN  OXYGEN. 


Combt 
requires 

istion 
yields 

Volume  of  Gas. 

Contraction. 

Mole- 

I 

. 

•e 

£  . 

| 

Id 

Name  of 

cular 

«     ! 

b 

5 

| 

C8 

o 

*»S 

0° 

So 

Gaa. 

For- 

& 

E.-3" 

§ 

1« 

•a*., 

f>  § 

s^ 

II 

mula 

2 

03   & 

jE 

1 

p  O 

0 

Q  is 

&    \ 

r*  £« 

H 

"S  § 

o  fl 

O   ^ 

I    i     § 

fl 

2 

6 

11 

o| 

s? 

1        1 

r 

1 

1 

|| 

3 

p 

ll 

II 

vols.  vols. 

vols.  vols. 

vols. 

vols. 

vols. 

volg. 

vols. 

Acetylene  !  C2H., 

2         5 

2         4 

7 

4 

0 

3 

2 

7 

.2 

Benzene..  ;  C6H6 

2       15 

6       12 

17 

12 

0 

5 

2 

17 

T2T 

Butylene       C4H8 
Carbonic  j    QQ 
Oxide  .  .  / 

2       12 

2        1 

8 

8 
2 

14 
3 

8 

2 

0 
0 

6 
1 

2 

14 
3 

_1 
1 

Ethane  .  .     C2HB 

2    i    7 

6 

4 

9 

4 

0 

5 

2. 

9 

5. 

Ethylene 

C2H 

2    !    6 

4 

4 

8 

4 

0 

4 

1 

8 

i 

Hydrogen 
Methane 

H2 
CH4 

2     |    1 
2         4 

2 
4 

2 

3 
6 

0 
2 

0 

3 
4 

1 

i 

6 

Propylene 

C3H6 

2         9 

6 

6 

11 

6 

0 

5 

i 

11 

* 
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SPECIFIC  HEATS.     (Begnault.) 
(a)  Solids  and  Liquids. 
Water  =  1-0000. 


Antimony 

•0508 

Platinum 

•0324 

Bismuth 

•0308 

Phosphorus 

•1187 

Brass 

•0939 

Sulphur  .. 

•2026 

Bricks 

•189--241 

Silver       .. 

•0570 

Carbon 

•2411 

Steel  (Hard) 

•1175 

Copper 

•0951 

Steel  (Soft) 

•1165 

Glass 

•1937 

Tin  ..      .. 

•0562 

Gold 

•0324 

Zinc 

•0956 

Iron  (Cast) 

•1298 

Alcohol  .. 

•7000 

Iron  (Wrought) 

-1138 

Mercury  .. 

•0333 

Lead       ..      .. 

•0314 

Sulphuric  Acid 

•3350 

(6)  Gases  and  Vapours. 


Air  =  1-000 

Water  = 

:  1-0000. 

at 

Constant 

Constant 

Constant 

Pressure. 

Volume. 

Pressure. 

Atmospheric  Air 

1-00000 

0-1687 

0-2377 

Alcohol  Vapour 

1-8986 

0-3200 

0-4513 

Carbonic  Acid 

a 

0-9104 

0-1535 

0-2164 

Carbonic  Oxide 

f 

1-0793 

0-1758 

0-2479 

Ether  Vapour 

€ 

2-0235 

0-3411 

0-4810 

Hydrogen 
Nitrogen..      .. 

• 

14-3231 
1-0265 

2-4146 
0-1730 

3-4046 
0-2440 

Oxygen   .. 

§ 

0-9180 

0-1548 

0-2182 

Water  Vapour 

• 

1-9794 

0-3337 

0*4750 

APPENDIX. 


HEATS  OP  COMBUSTION  WITH  OXYGEN. 


Name  of  Substance. 

British  Thermal 
Units. 

Pounds  of  Water 
at  21  2°  F., 
evaporated  per  Ib. 
of  Substance. 

61,500 

63-66 

Benzene                    ..       .      .  .        .      .  . 

18,600 

19-25 

Carbon  bisulphide    
Carbon  burning  to  CO  2  
CO    
CO               „         C02  
Charcoal  (wood)       
Coal,  anthracite       
„    bituminous  best     
Coke  from  ditto               
Coal,  average  quality      
Coke  from  ditto               

6,152 
12,906 
2,495 
4,478 
12,455 
15,600 
15,504 
14,375 
13,600 
12,800 
21,500 

6-37 
13-36 
2-58 
4-63 
12-90 
16-14 
16-05 
14-88 
14-08 
13-25 
22-25 

Marsh      „        

24,020 

24-86 

20,272 

20-98 

Propy  lene         ..       .      .  .      

21,200 

21-94 

4,102 

4-25 

Wood,  dry        

7,824 

8-10 

cub.  ft.  per  Ib. 
Coal  gas  (17  caudles)      .  .         32  •  227 
Water  gas         22-862 
Producer  gas    14-369 
Producer  water  gas         ..         13*478 

21,696 
6,649 
1,897 
,983 

22-46 
6-88 
1-96 
1-02 

The  British  standard  unit  of  heat,  (thermal  unit)  is  the  amount  of 
heat  required  to  raise  the  temperature  of  1  Ib.  avoirdupois  of  water 
1°  Fahrenheit.  The  French  standard  unit  of  heat  (calorie)  is  the  amount 
of  heat  required  to  raise  the  temperature  of  1  kilogram  of  water 
1°  Centigrade. 
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WEIGHT  OF  1000  CUBIC  FEET  OF  GAS  OF  DIFFERENT  SPECIFIC 

GRAVITIES  AT  60°  FAHR.,  AND  30  INCHES  BAR. 

(Newbigging.) 


Specific  Gravity 
Air  =1-000. 

Weight  per  1000  cubic 

Specific  Gravity 
Air  =  1-000. 

Weight  per  1000  cubic 
feet. 

Ibs. 

Ibs. 

•380 

29-146 

•515 

39-500 

•385 

29-529 

•520 

39-884 

•390 

29-913 

•525 

40-267 

•395 

30-296 

•530 

40-651 

•400 

30-680 

•535 

41-034 

•405 

31-063 

•540 

41-418 

•410 

31-447 

•545 

41-801 

•415 

31-830 

•550 

42-185 

•420 

32-214 

•555 

42-568 

•425 

32-597 

•560 

42-952 

•430 

32-981 

•565 

43-335 

•435 

33-364 

•570 

43-719 

•440 

33-748 

•575 

44-102 

•445 

34-131 

•580 

44-486 

•450 

34-515 

•535 

44-870 

•455 

34-898 

•  590 

45-253 

•400 

35-282 

•595 

45-636 

•465 

35-665 

•  600 

46-020 

•470 

36-049 

•605 

46-403 

•475 

36-432 

•610 

46-787 

•480 

36-816 

•615 

47-170 

•485 

37-200 

•620 

47-554 

•490 

37-583 

•625 

47-937 

•495 

37-966 

•(130 

48-321 

•500 

38-350 

•635 

48-704 

•505 

38-733 

•640 

49-088 

•510 

39-117 

•645 

49-471 

INDEX. 
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ABSORPTION  pipettes 223 

„  „        double 224 

single 223 

„  „  „      for  solid  and  liquid  reagents          .         .     224 

Accelerated  filtration 28 

Acidimetry 92 

Aerorthometer    .         .         .         .         .         .         .         .         .         .283 

Air  oveu    ...........       18 

Alkali  metals,  estimation:  of,  in  silicates         .         .         .         .         .199 

„  „       separation  of          .......     200 

Alkalimeter,  description  of 162 

Alkalimetry 94 

Alumina,  estimation  of 54 

„        separation  from  iron     ......         55,  183 

Ammonia,  estimation  of,  in  crude  gas 154 

„  „  .,        purified  gas         .....     139 

solubility  of,  in  water 297 

„          specific  gravity,  and  strength  of  nqneou^  solutions  of       .     296 
Arnmoniacal  liquor,  complete  analysis  of  .          .          .         .172 

„  „        composition  of 159 

„  „        determination  of  the  commercial  strength  of     .     161 

„  „  „  carbonates  in        .         .       171,  173 

„  „  „  chlorides  in  ...     173 

„  „  „  ft  rrocyanides  in   .         .         .174 

„  „  „  sulphates  in          .         .         .175 

sulphides  in          .        IfiO.  170,  173 

„  „  „  thiocyanates  in    .         .         .     174 

„  „  ,,  thiosulphates  in  .         .         .     175 

„  „  „  total  ammonia  in .         .         .     172 

Ammonium,  estimation  of,  in  ferrous  ammonium  sulphate        .          .       95 

,,  sulphate,  analysis  of          .         .         .         .         .         .176 

Aqueous  vapour,  tension  of 310311.312,313 

Arsenic,  gravimetric  estimation  of  .         .         .         .          .48 

Ash,  determination  of  filter 33 

Y 
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Ash,  estimation  of,  in  coal  and  coko .114 

Assay  of  coal  tar 202 

Atomic  weights,  table  of  .  .         .         .          .         .     280 

BALANCE,  description  of      ........  2 

„        testing  the  .........  7 

Barium,  estimation  of          ........  47 

Benzene,  rectification  of      ........  205 

Bog  ore,  analysis  of     .         .         .         .         .         .         .         .         .  188 

Boiling  points  of  different  substances,  table  of       ....  289 

„            „        water  at  different  barometrical  pressures       .         .  307 

Boys  Calorimeter        . 255 

Burette 7G 

„      Hempel'a .221 

„      Bunte's 240 

CADMIUM,  estimation  of  50 

Calcium,  estimation  of 51 

Calibration  of  burettes 77 

flasks ...         72,73 

„  Hempel  burette •'.'".     219 

pipettes 76 

„  test  mixers 74 

Ca'orific  power  of  gas 250 

Carbon  and  hydrogen  in  an  organic  substance,  estimation  of   .         .     117 

Carbonates,  gravimetric  estimation  of f,9 

Carbonic  acid  in  ammoniacal  liquor,  estimation  of  .  .  171, 173 
„  „  in  crude  gas,  estimation  of  .  .  .  .  125,  132 
„  „  in  furnace  gases,  estimation  of  ....  242 

„        „      in  purified  gas,  estimation  of 229 

„        oxide,  absorbents  for      .......     229 

„  „     in  coal  gas,  estimation  of      .....     229 

„  ,,     in  furnace  gases,  estimation  of  .         .         .212 

Caustic  ammonia,  specific  gravity  and  strength  of  aqueous  solutions  of 

29G,  297 

.,      potash,  specific  gravity  and  strength  of  aqueous  solutions  of     295 

„      soda,  specific  gravity  and  strength  of  aqueous  solutions  of         295 

Centinormal  solutions          ........       79 

Changes  of  volume  when  gases  are  burnt  in  oxygen        .         .        .     317 

Coal,  elementary  analysis  of 117 

„     gas,  analysis  of,  by  means  of  Hempel's  appnratus  .         .         .     229 
„    proximate  analysis  of .         .         .         .         .         .         .         .113 

„    specific  gravity,  determination  of          .....     124 


INDEX.  323 

PACK 

Cochineal  as  indicator         .         .         .         .         .         .  Si 

Combustion  furnace    .          .         .         .         .         .         .         .         .118 

„          heats  of,  with  oxygen         .         .         .         .         .         .319 

Comparison  of  Twadd  ell's  Hydrometer  with  specific  gravity   .         .     306 
Conversion  of  thermometric  scales         .....       298,  299 

Copper  phosphate  for  absorption  of  SH2,  preparation  of  .         .          .126 
„      sulphate,  estimation  of  S04  in  .         .         .          .         .         .43 

Correction  of  gases  to  normal  temperature  and  pressure  .         .         .     216 
Crystallisation  of  sails         ........       40 

Cuprous  chloride,  mode  of  preparation  of       .....     230 

Cyanogen  in  gas,  determination  of  .         .  .         .     264 

DECANTATION     . 26 

Decinormal  solutions  .........  79 

Desiccation         ..........  16 

Desiccator 19 

Destructive  distillation  of  coal,  products  of   ....       315,316 

Distillation  test  for  determining  the  value  of  ammoniacal  liquor      .  163 

Dolomite,  analysis  of .         .         .         .         .         .         .         .         .  181 

ELLIOTT'S  gas  apparatus      ........  236 
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+  456  pp.,  i6mo,  maroon  leather  cloth  (1913).  55.  net. 

ARTILLERY 

Guns  and  Gun  Making  Material.  By  G.  Ede.  xii  +  74  pp., 
crown  8vo.  (1889.)  6s. 

Treatise  on  Application  of  Wire  to  Construction  of  Ord- 
nance. By  J.  A.Longridge.  i8opp.,8vo.  (1884.)  £155. 

The  Progress  of  Artillery  :  Naval  Guns.  By  J.  A.  Long- 
ridge.  3  illus.,  viii  +  44  pp.,  8vo,  sewed.  (1896.)  2s. 

The  Field  Gun  of  the  Future.  By  J.  A.Longridge.  28pp., 
8vo,  sewed.  (1892.)  2s.  6d. 

AVIATION 

The  Atmosphere,  its  Characteristics  and  Dynamics.  By 
F.  J.  B.  Cordeiro.  35  illus.,  129  pp.,  small  4to.  (New 
York,  1910.)  los.  6d.  net. 


SCIENTIFIC   BOOKS. 


Theory  and  Practice  of  Model  Aeroplaning.  By  V.  E. 
Johnson.  61  illus.,  xvi  +  148  pp.,  crown  8vo.  (1910.) 
35.  6d.  net. 

The  Gyroscope,  An  Experimental  Study.  By  V.  E.  Johnson. 
34  illus.,  40  pp.,  crown  8vo.  (S.  &  C.  SERIES,  No.  22.) 
(1911.)  is.  6d.  net. 

Natural  Stability  and  the  Parachute  Principle  in  Aero- 
planes. By  W.  Le  Maitre.  34  illus.,  48  pp.,  crown 
8vo.  (S.  &  C.  SERIES,  No.  39.)  (1911.)  is.  6d.  net. 

How  to  Build  a  20-ft.  Bi-plane  Glider.  By  A.  P.  Morgan. 
31  illus.,  60  pp.,  crown  8vo.  (S.  &  C.  SERIES,  No.  14.) 
(New  York,  1909.)  is.  6d.  net. 

Flight -Velocity.  By  A.  Samuelson.  4  plates,  42  pp.,  8vo, 
sewed.  (1906.)  2s.  net. 

Resistance  of  Air  and  the  Question  of  Flying.  By  A. 
Samuelson.  23  illus.,  36  pp.,  8vo,  sewed.  (1905.)  2s.  net. 

The  Laws  of  Avanzini.  Laws  of  Planes  moving  at  an  angle 
in  air  and  water.  By  Lieut.-Col.  R.  de  Villamil.  2  folding 
plates,  3  illus.,  23  pp.,  super  royal  8vo,  sewed.  (1922.) 
2s.  net. 

Aeroplanes  in  Gusts,  Soaring  Flight  and  Aeroplane  Sta- 
bility. By  S.  L.  Walkden.  4  plates,  47  illus.,  xvi  + 
188  pp.,  8vo.  (1912.)  75.  6d.  net. 

BRIDGES,    ARCHES,    ROOFS,    AND 
STRUCTURAL   DESIGN 

Strains  in  Ironwork.     By  Henry  Adams.     Fourth  edition, 

8  plates,  65  pp.,  crown  8vo.     (1904.)     55. 
Designing   Ironwork.     By   Henry   Adams.     Second  series. 
8vo,  sewed. 

Part      I.  A  Steel  Box  Girder.     (1894.)'  gd.  net. 
„      II.  Built-up  Steel  Stanchions.     (1901.)      is.  $d. 

net. 

„    III.  Cisterns  and  Tanks.     (1902.)     is.  net. 
„     IV.  A  Fireproof  Floor.     (1903.)     is.  net. 
Columns  and  Struts.    Theory  and  Design.     By  Wm.  Alex- 
ander.    10 1    illus.,    xii  +  265    pp.,    demy    8vo.     (1912.) 
los.  6d.  net. 

A  Practical  Treatise  on  Segmental  and  Elliptical  Oblique 
or  Skew  Arches.  By  G.  J.  Bell.  Second  edition,  17 
plates,  125  pp.,  royal  8vo.  (1906.)  £i  is.  net. 
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Economics  of  Construction  in  relation  to  Framed  Structures. 

By  R.  H.  Bow.     Third  thousand,  16  plates,  88  pp.,  8vo. 

(1873.)     5*. 
Theory   of  Voussoir   Arches.     By   Prof.    W.   Cain,    Third 

edition,  201  pp.,  i8mo,  boards.     (New  York,  1905.)     zs,  net. 
New  Formulae  for  the  Loads  and  Deflections  of  Solid  Beams 

and  Girders.      By  W.   Donaldson.      Second    edition,    n 

illus.,  viii  +  56pp.,'8vo.     (1872.)     45.  6d. 
Plate     Girder    Railway    Bridges.     By    M.    Fitzmaurice. 

4  plates,  104  pp.,  8vo.     (1895.)     6s. 
Pocket  Book  of  Calculations  in  Stresses.     By  E.  M.  George. 

66  illus.,  140  pp.,  royal  32mo,  half  roan.     (1895.)    35.  6d. 
Strains  on  Braced  Iron  Arches  and  Arched  Iron  Bridges. 

By  A.  S.  Heaford.     39  pp.,  8vo.     (1883.)    6s. 
Tables    for    Roof    Framing.     By    G.    D.    Inskip.     Second 

edition,  451  pp.,  8vo,  leather.     (New  York,  1905.)     I2s.  6d. 

net. 
Stresses  in  Girder  and  Roof  Frames.,  for  both  dead  and 

live  loads,  by  simple  Multiplication,  etc.     By  F.  R.  John- 
son.    28  plates,  215  pp.,  crown  8vo.     (1894.)     6s. 

A  Graphical  Method  for  Swing  Bridges.    By  B.  F.  La  Rue. 

4 plates,  104 pp.,  i8mo,  boards.     (New  York,  1904.)     2s.net. 
Bridge  and  Tunnel  Centres.    By  J.  B.  McMasters.     Illus- 
trated, 106  pp.,  i8mo,  boards,     (New  York,  1893.)     zs.  net. 

Notes  on  Cylinder  Bridge  Piers  and  the  Well  System  of 
Foundations.  By  J.Newman.  144  pp.,  8vo.  (1893.)  6s. 

Calculation  of  Columns.  By  T.  Nielsen.  4  plates,  36  pp., 
8vo.  (1911.)  45.  6d.  net. 

A  New  Method  of  Graphic  Statics  applied  in  the  Construc- 
tion of  Wrought  Iron  Girders.  By  E.  Olander.  16  plates, 
small  folio.  (1887.)  los.  6d, 

Steel  Bar  and  Plate  Tables.  Giving  Weight  of  a  Lineal 
Foot  of  all  sizes  of  L  and  T  Bars,  Flat  Bars,  Plates,  Square 
and  Round  Bars.  By  E.  Read.  On  large  folding  card. 
(1911.)  is.  net. 

Reference  Book  for  Statical  Calculations.  By  F.  Ruff. 
With  diagrams,  140  pp.,  crown  8 vo.  (1906.)  55.  net. 

Suspension  Bridges  and  Cantilevers.  By  D.  B.  Stein- 
mann.  vii  +  185  pp.,  i8mo,  boards.  (VAN  NOSTRAND 
SERIES,  No,  127.)  (New  York,  1911.)  2s.  net. 


SCIENTIFIC   BOOKS. 


The  Strength  and  Proportion  of  Riveted  Joints.     By  B.  B. 

Stoney.     3  illus.,  87  pp.,  8vo.     (1885.)     5s. 
The  Anatomy  of  Bridgework.     By  W.  H.  Thorpe.     103 

illus.,  190  pp.,  crown  8vo.     (1906.)     6s.  net. 


CEMENT    AND    CONCRETE 

Portland  Cement,  its  Manufacture,  Testing  and  Use.  By 
D.  B.  Butler.  Second  edition,  97  illus.,  396  pp.,  demy 

8vo.     (1905.)     i6s.  net. 

Theory  of  Steel -Concrete  Arches  and  of  Vaulted  Struc- 
tures. By  W.  Cain.  Fourth  edition,  27  illus.,  212  pp., 
i8mo,  boards.  (New  York,  1906.)  2s.  net. 

Reinforced  Concrete  Construction.  Elementary  Course, 
By  M.  T.  Cantell.  65  illus.,  135  pp.,  crown  8vo.  (1911.) 
45.  6d.  net. 

Reinforced  Concrete  Construction.  Advanced  Course. 
By  M.  T.  Cantell.  242  illus.,  xvi  -j-  240  pp.,  super 
royal  8vo.  (1912.)  12s.  6d.  net. 

Graphical  Reinforced  Concrete  Design.  A  series  of  Dia- 
grams on  sheets  (measuring  17  J  in.  by  22 J  in.)  for  Design- 
ing and  Checking.  With  48-page  ,  pamphlet.  By  J.  A. 
Davenport.  Complete  in  roll.  (1911.)  55.  net. 

Cement    Users'    and    Buyers'    Guide.     By    Calcare.     115 

pp.,  32mo,  cloth.     (1901.)     is.  6d.  net. 
Diagrams  for  Designing  Reinforced  Concrete  Structures, 

By  G.  F.  Dodge.     31  illus.,  104. pp.,  oblong  folio.     (New 

York,  1910.)     175.  net. 

Cements,  Mortars,  and  Concretes  ;  their  Physical  proper- 
ties. By  M.  S.  Falk.  78  illus.,  176  pp.,  8vo.  (New  York, 

1904,)     IQS.  6d.  net. 
Concrete    Construction,    Methods    and    Cost.     By   H.    I*, 

Gillette  and  C.  S.  Hill.      310  illus.,  690  pp.,  8vo.     (New 

York,  1908.)     £i  is.  net. 
Engineers'    Pocket    Book    of    Reinforced    Concrete.     By 

E.  L.  Heidenreich.     164  illus.,  364  pp.,  crown  8vo,  leather, 

gilt  edges.     (New  York,  1909.)     I2s.  6d.  net. 
Concrete   Inspection.     By  C.   S.   Hill.     15  illus.,    179  pp., 

I2mo.     (New  York,  1909.)     45.  6d.  net. 
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Practical    Silo   Construction.    By   A.    A.   Houghton.     18 

illus.,  69  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.  27.)     (New 

York,  1911.)     is.  6d.  net. 
Moulding  Concrete  Chimneys,  Slate  and  Roof  Tiles.     By 

A.  A.  Houghton.     15  illus.,  61  pp.,  crown  8vo.     (S.  &  C. 

SERIES,  No.  28.)     (New  York,  1911.)     is.  6d.  net. 
Moulding   and   Curing  Ornamental  Concrete.     By  A.  A. 

Houghton.    5  illus.,  58  pp.,  crown  8vo.     (S.  &  C.  SERIES, 

No.  29.)     (New  York,  1911.)     is.  6d.  net. 
Concrete   Monuments,   Mausoleums   and   Burial  Vaults. 

By  A.  A.  Houghton.     18  illus.,  65  pp.,  crown  8vo.     (S.  & 

C.  SERIES,  No.  31.)     (New  York,  1911.)     is.  6d.  net. 
Concrete   Floors   and   Sidewalks.    By   A.   A.   Houghton. 

8  illus.,  63  pp.,  crown  8vo.     (S.  &C.  SERIES,  No.  32.)     (New 

York,  1911.)     is.  6d.  net. 
Moulding  Concrete  Baths,  Tubs,  Aquariums  and  Nata- 

toriums.    By  A.  A.  Houghton.     16  illus.,  64  pp.,  crown 

Svo.     (S.  &  C.  SERIES,  No.  33.)     (New  York,  1911.)     is.  6d. 

net. 
Concrete  Bridges,  Culverts,  and  Sewers.    By  A.  A.  Hough - 

ton.     14  illus.,  58  pp.,  crown  Svo.     (S.  &  C.  SERIES,  No.  34.) 

(New  York,  1912.)     is.  6d.  net. 
Constructing   Concrete    Porches.     By  A.   A.   Houghton. 

18  illus.,  62  pp.,  crown  Svo.     (S.  &  C.  SERIES,  No.  35.) 

is.  6d.  net. 
Moulding  Concrete  Flower-Pots,  Boxes,  Jardinieres,  etc. 

By  A.  A.  Houghton.     8  illus.,  52  pp.,  crown  Svo.     (S.  & 

C.  SERIES,  No.  36.)     (New  York,  1912.)     is.  6d.  net. 
Moulding  Concrete  Fountains  and  Lawn  Ornaments.    By 

A.  A.  Houghton.     14  illus.,  56  pp.,  crown  Svo.     (S.  &  C. 

SERIES,  No.  37.)     (New  York,  1912.)     is.  6d.  net. 
Reinforced    Concrete.    By   E.    McCulloch.     28   illus.,    128 

pp.,  crown  Svo.     (New  York,  1908.)     6s.  6d.  net. 
Concrete  and  Reinforced  Concrete.    By  H.  A.  Reid.     715 

illus.,  884  pp.,  royal  Svo.     (New  York,  1907.)     £i  is.net. 
Theory  and  Design  of  Reinforced  Concrete  Arches.     By  A. 

Reuterdahl.    41  illus.,  126  pp.,  Svo.     (New  York,  1908.) 

8s.  6d.  net. 
Specification  for  Concrete  Flags.     Issued  by  the  Institution 

of   Municipal    and    County    Engineers.     Folio,    sewed. 

(1911.)     2s.  6d.  net. 


SCIENTIFIC    BOOKS. 


Practical  Cement  Testing.    By  W.  P.  Taylor.    With  142 

illus.,  329  pp.,  demy  8vo.     (New  York,  1906.)      I2S.  6d.  net. 

Concrete  Bridges  and  Culverts.    By  H.  G.  Tyrrell.    66 

'illus.,  251  pp.,  crown  8vo,  leather.     I2s.  6d.  net. 

CIVIL    ENGINEERING 

Canals,  Surveying. 

(See  also  Irrigation  and  Water  Supply.) 
Practical  Hints  to  Young  Engineers  Employed  on  Indian 

Railways.     By  A.  W.  C.  Addis.      14   illus.,    154   pp., 

121x10.     (1910.)     35.  6d.  net. 
Levelling,  Barometric,  Trigonometric  and  Spirit.     By  I.   O. 

Baker.     Second  edition,  15  illus.,  145  pp.,  i8mo,  boards. 

(New  York,  1903.)     2s.  net. 
Punjab  Rivers  and  Works.    By  E.  S.  Bellasis.    47  illus., 

viii  +  64  pp.,  folio.     (1912.)     8s.  net. 
Notes  on  Instruments  best  suited  for  Engineering  Field  Work 

in  India  and  the  Colonies.     By  W.  G.  Bligh.     65  illus., 

218  pp.,  8vo.     (1899.)    7$.  6d. 
Practical  Designing  of  Retaining  Walls.    By  Prof.  W.  Cain. 

Fifth  edition,  14  illus.,  172  pp.,  i8mo,  boards.     (New  York, 

1908.)     2s.  net. 
Land  Area  Tables.     By  W.  Codd.     Sheet  mounted  on  linen, 

in  cloth  case,  with  explanatory  booklet.     3$.  6d. 
The  Maintenance  of  Macadamised  Roads.    By  T.  Cod- 

rington.     Second  edition,  186  pp.,  8vo.     (1892.)     75.  6d. 
The  Civil  Engineers'  Cost  Book.    By  Major  T.  E.  Cole- 
man,   R.E.     xii  +  289  pp.,     Pocket   size    (6J  x  3f  in.), 

leather  cloth.     (1912.)     55.  net. 
Retaining  Walls  in  Theory  and  Practice.    By  T.  E.  Cole- 

man.     104  illus.,  160  pp.,  crown  8vo.     (1909.)     55.  net. 
On  Curved  Masonry  Dams.    By  W.  B.  Coventry.    8vo, 

sewed.     (1894.)     2s. 
A  Practical  Method  of  Determining  the  Profile  of  a  Masonry 

Dam.     By  W.B.Coventry.     8vo,  sewed.     (1894.)     2s.6d. 
The   Stresses   on   Masonry  Dams    (oblique  sections).     By 

W.  B.  Coventry.    8vo,  sewed.     (1894.)    2s. 
Handbook  of  Cost  Data  for  Contractors  and  Engineers. 

By  H.  P.  Gillette.     1,854  PP->  crown  8vo,  leather,  gilt 

edges.     (New  York,  1911.)    £i  is.  net. 

t 
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Rock  Excavation,  Methods  and  Cost.    By  H.  P.  Gillette. 

Second  edition  in  preparation. 

High  Masonry  Dams.     By  E.  S.  Gould.     With  illus.,  88  pp., 
i8mo,  boards.     (New  York,  2nd.  edit.,  1905.)     2s.  net. 

Railway   Tunnelling   in   Heavy  Ground.     By   C.    Gripper. 

3  plates,   66  pp.,  royal  8vo.     (1879.)     75.  6d. 

Levelling  and  its  General  Application.    By  T.  Holloway. 

Third  edition  in  preparation. 
Waterways  and  Water  Transport.    By  J.  S.  Jeans.    55 

illus.,  520  pp.,  8vo.     (1890.)     95.  net. 

Table  of  Barometrical  Heights  to  20,000  Feet.  By  Lieut.-Col. 
W.H.Mackesy.     i  plate,  24  pp.,  royal  32mo.     (1882.)  35. 

Aid  Book  to  Engineering  Enterprise.    By  E.  Matheson. 

Third  edition,  illustrated,  916  pp.,  medium  8vo,  buckram. 

(1898.)     £i  45. 
A  Treatise  on  Surveying.    By  R.  E.  Middleton  and  O. 

Chadwick.    Third  edition,  royal  8vo.     (1911.) 

Part     I.     ii  plates,  162  illus.,  285  pp.     los.  6d. 

„     II.     152  illus.  and  2  plates,  340  pp.     los.  6d. 
A  Pocket  Book  of  Useful  Formula?  and  Memoranda,  for 

Civil  and  Mechanical  Engineers.     By  Sir  G.  L.  Molesworth 

and  H.  B.  Molesworth.     With  an  Electrical  Supplement 

by   W.    H.    Molesworth.     Twenty-seventh   edition   in  the 

press. 
The  Pocket  Books  of  Sir  G.  L.  Molesworth  and  J.  T.  Hurst, 

printed  on  India  paper  and  bound  in  one  vol.     Royal  321110, 

russia,  gilt  edges.     los.  6d.  net. 
Metallic  Structures  :    Corrosion  and    Fouling  and  their 

Prevention.    By  J.   Newman.     38  Illus.,  xii  +  374  pp., 

crown  8vo.     (1896.)     95. 

Scamping  Tricks  and   Odd  Knowledge  occasionally  prac- 
tised upon  Public  Wcrks.     By  J.  Newman.     New  imp., 

129  pp.,  crown  8vo.     (1908.)     2s.  net. 
Co-ordinate  Geometry  applied  to  Land  Surveying.    By  W. 

Pilkington.     5  illus.,  44  pp.,  I2mo.     (1909.)     is.  6d.  net. 

Pioneering.     By    F.    Shelford.     14    Illus.,    88    pp.,   crown 

8vo.     (1909.)     35.  net. 
Topographical     Surveying.    By    G.    J.     Specht.    Second 

edition,  2  plates  and  28  illus.,  210  pp.,  i8mo,  boards.     (New 

York   1898.)    2s.  net. 


SCIENTIFIC   BOOKS.  11 


Spons'  Dictionary  of  Engineering,  Civil,  Mechanical,  Mili- 
tary and  Naval.  10,000  illus.,  4,300  pp.,  super  royal  Svo. 
(1874,  Supplement  issued  in  1881.)  Complete,  in  4  vols. 

£3  3*.  net- 
Surveying  and  Levelling  Instruments.    By  W.  F.  Stanley. 

Fourth  edition  in  preparation. 
Surveyor's  Handbook.    By  T.  U.  Taylor.     116  illus.,  310 

pp.,   crown   8vo,   leather,   gilt   edges.     (New   York,   1908.) 

8s.  6d.  net. 
Logarithmic  Land  Measurement.     By  J.  Wallace.     32  pp., 

royal  Svo.     (1910.)     55.  net. 
The  Drainage  of  Fens  and  Low  Lands  by  Gravitation  and 

Steam  Power.     By  W.  H.  Wheeler.     8  plates,  175  pp.,  Svo. 

(1888.)     i2s.  6d. 
Stadia  Surveying,  the  theory  of  Stadia  Measurements.     By 

A.  Winslow.     Fifth  edition,  148  pp.,  i8mo,  boards.     (New 

York,  1902.)     zs.  net. 
Handbook  on  Tacheometrical  Surveying.     By  C.  Xydis. 

55  illus.,  3  plates,  63  pp.,  8vo.     (1909.)     6s.  net. 

CURVE    TABLES 

Grace's  Tables  for  Curves,  with  hints  to  young  engineers. 

8  figures,  43  pp.,  oblong  8vo.     (1908.)     55.  net. 
Railroad  Curves  and  Earthwork.     By  C.  F.  Allen.    Third 

edition,  4  plates,  198  pp.,  I2mo,  leather,  gilt  edges.     (New 

York,  1903.)     8s.  6d.  net. 
Data  relating  to  Railway  Curves  and  Super -elevations, 

shown  graphically.     By  J.  H.  Haiste.     On  folding  card  for 

pocket  use.     6d.  net. 
Tables  for  setting-out  Railway  Curves.     By  C.  P.  Hogg. 

A  series  of  cards  in  neat  cloth  case.     45.  6d. 
Tables  for  setting  out  Curves  for  Railways,  Roads,  Canals, 

etc.    By   A.   Kennedy   and   R.   W.   Hackwood.    32mo. 

25.  net. 
Spiral  Tables.    By  J.  G.  Sullivan.     47  pp.,  I2mo,  leather. 

(New  York,  1908.)     6s.  6d.  net. 
Tables  for  Setting  out  Curves  from  101  to  5,000  feet  radius. 

By  H.  A.  Cutler  and  F.  J.  Edge.     Royal  32mo.     2s.  net. 
Tables  of  Parabolic  Curves  for  the  use  of  Railway  Engineers, 

and  others.     BytG.  T,  Allen.    Fcap  i6mo.     45. 
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Transition  Curves.     By  W.  G.  Fox.     Second  edition,  80  pp., 
i8mo,  boards.     (New  York.)     2s.  net. 


DICTIONARIES 

Technological  Dictionary  in  the  English,  Spanish,  German 
and  French  Languages.  By  D.  Carlos  Huelin  Y  Arssu. 

Crown  8vo. 
Vol.  I.        ENGLISH-SPANISH-GERMAN-FREN.CH.    609    pp. 

(1906.)     los.  6d.  net. 
Vol.  II.      GERMAN-ENGLISH-FRENCH-SPANISH.      720  pp. 

(1908.)     los.  6d.  net. 

Vol.  III.     FRENCH-GERMAN-SPANISH-ENGLISH.       In  pre- 
paration. 
Vol.  IV.      SPANISH-FRENCH-ENGLISH-GERMAN.      750  pp. 

(1910.)     IDS.  6d.  net. 

Dictionary  of  English  and  Spanish  Technical  and  Com- 
mercial Terms.  By  W.  Jackson.  164  pp.,  fcap  8vo. 
(1911.)  2s.  6d.  net. 

English -French    and    French -English    Dictionary    of   the 
Motor-Car,  Cycle  and  Boat.     By  F.  Lucas.     171  pp., 
crown  8vo.     (1905.)     2s.  net. 
Spanish-English    Dictionary   of    Mining    Terms.     By    F. 

Lucas.     78  pp.,  8vo.     (1905.)     55.  net. 

English -Russian  and  Russian-English  Engineering  Dic- 
tionary. By  L.  Meycliar.  100  pp.,  i6mo.  (1909.) 
2s.  6d.  net. 

DOMESTIC    ECONOMY 

Food  Adulteration  and  its  Detection.     By  J.  P.  Battershall. 

12  plates,  328  pp.,  demy  8vo.     (New  York,  1887.)     155. 
Practical  Hints  on  Taking  a  House.     By  H.  P.  Boulnois. 

71  pp.,  i8mo.     (1885.)     is.  6d. 
The  Cooking  Range,  its  Failings  and  Remedies,     By  F.  Dye. 

52  pp.,  fcap.  8vo,  sewed.     (1888.)     6d. 
Spices  and  How  to  Know  Them.     By  W.  M.  Gibbs.     With 

47  plates,  including  14  in  colours,  179  pp.,  8vo.     (New  York, 

1909.)     155.  net. 
The  Kitchen  Boiler  and  Water  Pipes.    By  H.  Grimshaw, 

8vo,  sewed.     (1887.)     is.  net. 
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Cookery  and  Domestic  Management,  including  economic 
and  middle  class  Practical  Cookery.  By  K.  Mellish.  56 
coloured  plates  and  441  illus.,  987  pp.,  super  royal  8vo. 
(1901.)  i6s.  net. 

Spons'  Household  Manual.     250  illus.,  1,043  pp.,  demy  8vo, 
(1902.)    75.  6d. 
Ditto         ditto         half-bound     French     morocco.     95. 


DRAWING 

The  Ornamental  Penman's,  Engraver's  and  Sign  Writer's 
Pocket  Book  of  Alphabets.  By  B.  Alexander.  New 
Impression.  Oblong  I2mo,  sewed.  (1912.)  6d.  net. 

Slide  Valve  Diagrams  :  a  French  Method  for  their  Construc- 
tion. By  L.  Bankson.  i8mo,  boards.  (New  York, 
1892.)  2s.  net. 

A  System  of  Easy  Lettering.  By  J.  H.  Cromwell.  With 
Supplement  by  G.  Martin.  Eleventh  edition,  36  pp., 
oblong  8vo.  (New  York,  1911.)  2s.  net. 

Key  to  the  Theory  and  Methods  of  Linear  Perspective. 
By  C.  W.  Dymond,  F.S.A.  6  plates,  32  pp.,  crown  8vo. 
(S.  &  C.  SERIES,  No.  20.)  (1910.)  is.  6d.  net. 

Plane  Geometrical  Drawing.  By  R.  C.  Fawdry.  Illus- 
trated, 185  pp.,  crown  8vo.  (1901.)  35.  net. 

Twelve  Plates  on  Projection  Drawing.  By  O.  Gueth. 
Oblong  4to.  (New  York,  1903.)  35.  net. 

Hints  on  Architectural  Draughtsmanship.  By  G.  W.  T. 
Hallatt.  Fourth  edition,  80  pp.,  i8mo.  (1906.)  is.  6d. 
net. 

A  First  Course  of  Mechanical  Drawing  (Tracing).  By  G. 
Halliday.  Oblong  4to,  sewed,  zs. 

A  Text-Book  of  Graphic  Statics.  By  C.  W.  Malcolm. 
155  illus.,  316  pp.,  8vo.  (New  York,  1909.)  12s.  6d.  net. 

Drawings  for  Medium -sized  Repetition  Work.  By  R.  D. 
Spinney.  47  illus.,  130  pp.,  8vo.  (1909.)  35.  6d.  net. 

Mathematical  Drawing  Instruments.  By  W.  F.  Stanley. 
Seventh  edition,  265  illus.,  370  pp.,  crown  8vo.  (1900.) 

5*. 

The  Backbone  of  Perspective.  By  T.  U.  Taylor.  40  illus., 
56  pp.,  i8mo.  (New  York,  1911.)  45.  6d.  net. 
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EARTHWORK 

Tables^for  Computing  the  Contents  of  Earthwork  in  the 

Cuttings  and  Embankments  of  Railways.     By  W.  Mac- 

gregor.     i  plate,  59  pp.,  royal  8vo.     6s. 
Tables   for   facilitating  the    Calculation    of  Earthworks. 

By  D.  Cunningham.     120  pp.,  royal  8vo.     los.  6d. 
Grace's    Earthwork    Tables.     36    double-page    tables,    4to. 

i2s.  6d.  net. 
Earthwork  Slips  and   Subsidences  on  Public  Works.     By 

J.  Newman.     240  pp.,  crown  8vo.     (1890.)     js.  6d. 
Diagrams    for    the    Graphic    Calculation    of    Earthwork 

Quantities.    By  A.  H.  Roberts.   Ten  cards,  f cap.,  in  cloth 

case.     los.  6d.  net. 

ELECTRICAL    ENGINEERING 

Practical  Electric  Bell  Fitting.     By  F.  C.  Allsop.    Tenth 

edition,  186  illus.,  including  8  folding  plates,  185  pp.,  crown 

8vo.     (1903.)     35.  6d. 
Telephones  :   their  Construction  and  Fitting.     By  F.  C.  All- 

sop.     Eighth-  edition,  new  impression,  184  illus.,  222  pp., 

crown  8vo.     (1912.)     35.  6d.  net. 
Auto -Transformer  Design.    By  A.   H.  A  very.     25  illus., 

60  pp.,  8vo.     (1909.)     35.  6d.  net. 

Principles  of  Electric  Power  (Continuous  Current)  for  Mechani- 
cal Engineers.     By  A.  H.  Bate.     63  illus.,  204  pp.,  crown 

8vo.     (1905.)    (FINSBURY  TECHNICAL  MANUAL.)    45.  6d.  net. 
Practical  Construction  of  Electric  Tramways.     By  W.  R. 

Bowker.     93  illus.,   119  pp.,  8v.o.     (1903.)     6s.  net. 
The    Electric    Motor    and    its    Practical    Operation.    By 

E.  E.  Burns.     78  illus.,  vi  +  91  pp.,  crown  8vo.      (New 

York,  1912.)     75.  net. 
Electrical  Ignition  for  Internal  Combustion  Engines.    By 

M.   A.   Codd.     109  illus.,   163  pp.,   crown  8vo.     (1911.) 

3$.  net. 
Design  and  Construction  of  Induction  Coils.    By  A.  F 

Collins.     155  illus.,  272  pp.,  demy  8vo.     (New  York,  1909. ) 

I2s.  6d.  net. 
Plans  and  Specification  for  Wireless  Telegraph  Sets.     By 

A.  F.  Collins.    Crown  8vo.     (S.  &  C.  SERIES,  Nos.  41  and 

42).     (New  York,  1912.)     is.  6d.  each  net. 
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PART    I.    An  Experimental  Set  and  a  One  to  Five 

Miles  Set.     37  illus.,  viii  +  45  pp. 
PART]! I.     A  Five  to  Ten  Mile  Set  and  a  Ten  to  Twen  ty 

Mile  Set.     63  illus.,  viii  +  72  pp. 
Switchboard  Measuring  Instruments  for  Continuous  and 

Polyphase  Currents.     By  J.  C.  Gonnan.     117  illus.,  150 

pp.,  8vo.     (1908.)     5s.  net. 
Electric  Gables,  their  Construction  and  Cost.    By  D.  Coyle 

and  F.  J.  O.  Howe.     With  many  diagrams  and  216  tables, 

466  pp.,  crown  8vo,  leather.     (1909.)     155.  net. 
Management  of  Electrical  Machinery.    By  F.  B.  Crocker 

and  S.  S.  Wheeler.     Eighth  edition,  131  illus.,  223  pp., 

crown  8vo.     (New  York,  1909.)     45.  6d.  net. 
Electric  Lighting  :    A  Practical  Exposition  of  the  Art.     By 

F.  B.  Crocker.     Royal  8vo.     (New  York.) 

Vol.  I.     The  Generating  Plant.     Sixth  edition,  213 

illus.,  470  pp.     (1904.)     I2S.  6d.  net. 
Vol.  II.     Distributing  Systems  and  Lamps.    Second 
edition,  391  illus.,  505  pp.     (1905.)     izs.  6d.  net. 
The   Care   and  Management  of  Ignition   Accumulators. 

By  H.  H.  U.  Cross.     12  illus.,  74  pp.,  crown  8vo.     (S.  &  C. 

SERIES,  No.  19.)     (1910.)     is.  6d.  net. 
Elements  of  Telephony.    By  A.  Crotch.     51  illus.,  90  pp., 

crown  8vo.     (S.  &  C.  SERIES,  No.  21.)     (1911.)     is.  6d.  net. 
Elementary     Telegraphy     and     Telephony.     By     Arthur 

Crotch.     New  impression,  238  illus.,  viii  4-  223   pp.,  8vo. 

(FINSBURY  TECHNICAL  MANUAL.)     (1912.)    45.  6d.  net. 
Electricity   and   Magnetism   in   Telephone   Maintenance. 

By  G.  W.  Cummings.      45  illus.,   137  pp.,  8vo.     New 

York,  1908.)     6s.  6d.  net. 
Grouping  of  Electric  Cells.     By  W.  F.  Dunton.     4  illus., 

50  pp.,  fcap.  8vo.     (1906.)     is.  6d.  net. 
Wireless  Telegraphy  for  Intending  Operators .    By  C.  K.  P . 

Eden.    20  illus.,  80  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No. 

24.)     In  preparation. 
Magnets  and  Electric  Currents.    By  Prof.  J.  A.  Fleming. 

Second  edition,  136  illus.,  417  pp.,  crown  8vo.    (1902.)  55.  net. 
Notes  on  Design  of  Small  Dynamo.    By  George  Halliday. 

Second  edition,  8  plates,  8vo.     (1895.)     zs.  6d. 
Practical  Alternating  Currents  and  Power  Transmission. 

By  N.  Harrison.     172  illus.,  375  pp.,  crown  8vo.     (New 

York,  1906.)     los.  6d.  net. 
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Making    Wireless    Outfits.    By   N.   Harrison.     27   illus., 

61  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.  n.)     (New  York, 

1909.)     is.  6d.  net. 
Wireless  Telephone  Construction.    By  N.  Harrison.    43 

illus.,  73  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.  12.)     (New 

York,  1909.)     is.  6d.  net. 
Testing  Telegraph  Cables.     By  Colonel  V.  Hoskioer.     Third 

edition,  n  illus.,  viii  +  75  pp.,  crown  8vo.      (1889.)     45.  6d. 
Long  Distance  Electric  Power  Transmission.     By  R.  W. 

Hutchinson.     136  illus.,  345  pp.,  crown  8vo.     (New  York, 

1907.)     I2S.  6d.  net. 
Theory  and  Practice  of  Electric  Wiring.   By  W.  S.  Ibbetson. 

119  illus.,  366  pp.,  crown  8vo.     (1909.)     55.  net. 
Practical  Electrical  Engineering  for  Elementary  Students . 

By  W.  S.  Ibbetson.    61  illus.,  155  pp.,  crown  8vo.     (1910.) 

35.  6d.  net. 
Form  of  Model  General  Conditions  recommended  by  The 

Institution  of  Electrical  Engineers  for  use  in  connection 

with  Electrical  Contracts.    New  edition  in  preparation. 
Telegraphy  for  Beginners.    By  W.  H.  Jones.     19  illus., 

58  pp.,  crown  8 vo.     (New  York,  1910.)     2s.  net. 
A  Handbook  of  Electrical   Testing.    By  H.   R.   Kempe. 

Seventh  edition,  285  illus.,  706  pp.,  demy  8vo.     (1908.) 

iSs.  net. 
Electromagnets,  their  Design  and  Construction.     By  A.  N. 

Mansfield.     36  illus.,  155  pp.,  i8mo,  boards.     (New  York, 

1901.)     2s.  net. 
Telephone    Construction,    Methods    and    Cost.    By    C. 

Mayer.     With  Appendices  on  the  cost  of  materials  and 

labour  by  J.  C.  Slippy.     103  illus.,  284  pp.,  crown  8vo. 
(New  York,  1908.)     I2S.  6d.  net. 
Storage  Batteries,    Stationary   and  Portable.    By   J.    P. 

Niblett.     22  illus.,  80  pp.,  crown  8vo.     (New  York,  1911.) 

2s.  6d.  net. 
House  Wiring.     By  T.  W.  Poppe.     73  illus.,  103  pp.,  I2mo, 

limp.     (New  York,  1912.)     2s.  6d.  net. 

Practical  Electrics  :    a  Universal  Handybook  on  Every  Day 
Electrical  Matters.     Seventh  edition,  126  illus.,  135  pp.,  8vo. 
(S.  &  C.  SERIES,  No.  13.)     (New  York,  1902.)     is.  6d.  net. 
Electroplating.    By  H.  C.  Reetz.    62  illus.,  99  pp.,  crown 
8vo.     (New  York,  1911.)     2s.  net. 
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Wiring  Houses  for  the  Electric  Light.    By  N.  H.  Schneider. 

40  illus.,  85  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.  25.)     (New 

York,  1911.)     is.  6d.  net. 
Induction  Coils.     By  N.  H.  Schneider.     Second  edition,  79 

illus.,  285  pp.,  crown  Svo.     (New  York,  1901.)     45.  6d.  net. 
Electric   Gas   Lighting.     By   N.   H.    Schneider.     57  illus., 

101  pp.,  crown  Svo.     (S.  &  C.  SERIES,  No.  8.)     (New  York, 

1901.)     is.  6d.  net. 
How  to  Install  Electric  Bells,  Annunciators  and  Alarms. 

By   N.    H.    Schneider.     59    illus.,   63   pp.,    crown   Svo. 

(S.  &  C.  SERIES,  No.  2.)     (New  York,  1905.)     is.  6d.  net. 
Modern  Primary  Batteries,  their  construction,  use  and  main- 
tenance.    By  N.  H.  Schneider.     54  illus.,  94  pp.,  crown 

Svo.     (S.  &  C.  SERIES,  No.  i.)  (New  York,  1905.)   is.  6d.  net. 
Practical  Engineers'  Handbook  on  the  Care  and  Manage- 
ment of  Electric  Power  Plants.    By  N.  H.  Schneider. 

203  illus.,  274  pp.,  crown  Svo.     (New  York,  1906.)     5$.  net. 
Electrical  Circuits  and  Diagrams,  illustrated  and  explained, 

By  N.H.Schneider.    Svo.     (S.  &  C.  SERIES,  Nos.  3  and  4.) 

(New  York.) 

No.  3,  Part  I.     New  edition  in  preparation. 
No.  4,  Part  2.     73  pp.     (1909.)     is.  6d.  net. 
Electrical  Instruments  and  Testing.     By  N.  H.  Schneider. 

Third  edition,  133  illus.,  239  pp.,  crown  Svo.     (New  York, 

1907.)     45.  6d.  net. 
Experimenting  with  Induction  Coils.     By  N.  H.  Schneider. 

26  illus.,  73  pp.,  crown  Svo.     (S.  &  C.  SERIES,  No.  5.)     (New 

York,  1906.)     is.  6d.  net. 
Study  of  Electricity  for  Beginners.     By  N.  H.  Schneider. 

54  illus.,  88  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.  6.)     (New 

York,  1905.)     is.  6d.  net. 
Wiring  Houses  for  the  Electric  Light  :  Low  Voltage  Battery 

Systems.     44  illus.,  86  pp.,  crown  Svo.     (S.  &  C.  SERIES,  No 

25.)     (New  York,  1911.)     is.  6d.  net. 
Low  Voltage  Electric  Lighting  with  the  Storage  Battery. 

By  N.  H.  Schneider.     23  illus.,  85  pp.,  crown  8vo.     (S.  & 

C.  SERIES,  No.  26.)     (New  York,  1911.)     is.  6d.  net. 
Dry  Batteries  :  how  to  Make  and  Use  them .     By  a  Dry  Battery 

Expert.    With,  additional  notes  by   N.   H.    Schneider. 

30  illus.,  59  pp.,  crown  Svo.     (S.  &  C.  SERIES,  No.  7.)     (New 

York,  1905.)     is.  6d.  net. 

** 
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The   Diseases   of   Electrical   Machinery.     By   E.    Schulz. 

Edited,  with  a  Preface,  by  Prof.   S.  P.  Thompson.     42 

illus.,  84  pp.,  crown  8vo.     2s.  net. 
Electricity  Simplified.     By  T.  O.   Sloane.    Tenth  edition, 

29  illus.,  158  pp.,  crown  8vo.     (New  York,  1901.)     45.  6d. 

net. 
How  to  become  a  Successful  Electrician.    By  T.  O.  Sloane. 

Third  edition,  4  illus.,  202  pp.,  crown  8vo.     (New  York, 

1899.)     45.   6d.  net. 
Electricity  :   its  Theory,  Sources  and  Applications.     By  J.  T. 

Sprague.     Third  edition,  109  illus.,  658  pp.,  crown  8vo. 

(1892.)    73.  6d.  net. 
Telegraphic  Connections.     By  G.  Thorn  and  W.  H.  Jones. 

20  plates,  59  pp.,  oblong  8vo.     (New  York,  1892.)     35.  6d. 

net. 
Dynamo  Electric  Machinery.     By  Prof.  S.  P.  Thompson. 

Seventh  edition,  demy  8vo.  (FINSBURY  TECHNICAL  MANUAL.  ) 
Vol.    I.    CONTINUOUS-CURRENT  MACHINERY.    With  4 
coloured  and  30  folding  plates,  573  illus., 
984  pp.     (1904.)     £i  los.  net. 

Vol.  II.    ALTERNATING     CURRENT    MACHINERY.     15 
coloured  and  24  folding  plates,  546  illus., 
900  pp.     (1905.)     £i  IDS.  net. 
Design  of  Dynamos  (Continuous  Currents).     By  Prof.  S.  P. 

Thompson.     4  coloured  and  8  folding  plates,    243   pp., 

demy  8vo.     (1903.)     i2s.  net. 
Schedule  for  Dynamo  Design,  issued  with  the  above.     6d. 

each,  45.  per  doz.,  or  i8s.  per  100,  net. 
Curves  of  Magnetic  Data  for  Various  Materials.    A  reprint 

on  transparent  paper  for  office  use  of  Plate  I  from  Dynamo 

Electric  Machinery,  and  measuring  25  in.  by  16  in.     yd.  net. 

The  Electromagnet.  By  C.  R.  Underbill.  67  illus.,  159  pp., 
crown  8vo.  (New  York,  1903.)  6s.  6d.  net. 

Practical  Guide  to  the  Testing  of  Insulated  Wires  and 
Cables..  By  H.  L.  Webb.  Fifth  edition,  38  illus.,  118 
pp.,  crown  8vo.  (New  York,  1902.)  45.  6d.  net. 

Wiring  Rules.  With  Extracts  from  the  Board  of  Trade  Regu- 
lations and  the  Home  Office  Regulations  for  Factories  and 
Workshops.  Issued  by  The  Institution  of  Electrical 
Engineers.  Sixth  edition,  42  pp.,  8vo,  sewed.  (1911.) 
6d.  net. 
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FOREIGN   EXCHANGE 

English  Prices  with  Russian  Equivalents  (at  Fourteen 
Rates  of  Exchange).  English  prices  per  lb.,  with  equiva- 
lents in  roubles  and  kopecks  per  pood.  By  A.  Adiasse- 
wich.  182  pp.,  fcap.  32mo,  roan.  is.  net. 

English  Prices  with  German  Equivalents  (at  Seven  Rates 
of  Exchange).  English  Prices  per  lb.,  with  equivalents  in 
marks  per  kilogramme.  By  St.  Koczorowski.  95  pp., 
fcap.  32mo,  roan.  is.  net. 

English  Prices  with  Spanish  Equivalents.  At  Seven  Rates 
of  Exchange.  English  prices  per  lb.,  with  equivalents  in 
pesetas  per  kilogramme.  By  S.  Lambert.  95  pp.,  321110, 
roan.  is.  net. 

English  Prices  with  French  Equivalents  (at  Seven  Rates 
of  Exchange).  English  prices  per  lb.  to  francs  per  kilo- 
gramme. By  H.  P.  McCartney.  97  pp.,  321110,  roan. 
is.  net. 

Principles  of  Foreign  Exchange.  By  E.  Matheson. 
Fourth  edition,  54  pp.,  8vo,  sewed.  (1905.}  $d.  net. 

GAS   AND   OIL   ENGINES 

The  Theory  of  the  Gas  Engine.     By  D.  Clerk.     Edited  by 

F.  E.  Idell.     Third  edition,  19  illus.,  180  pp.,  i8mo,  boards. 

(New  York,  1903.)     2s.  net. 
Electrical  Ignition  for  Internal  Combustion  Engines.  By  M. 

A.  Codd.    109  illus.,  163  pp.,  crown  8vo.     (1911.)  35.  net. 
The  Design  and  Construction  of  Oil  Engines.     By  A.  H. 
Goldingham .     Third  edition,  112  illus. ,  260  pp. ,  crown  8vo. 
(New  York,  1910.)     los.  6d.  net. 

Gas  Engine  in  Principle  and  Practice.  By  A.  H.  Golding- 
ham. New  impression,  107  illus.,  195  pp.,  8vo.  (New 

York,  1912.)     6s.  6d.  net. 
Practical  Handbook  on  the   Care  and    Management    of 

Gas  Engines.     By  G.  Lieckfeld.     Third  edition,  square 

i6mo.       (New  York,  1896.)    35.  6d. 
Elements  of  Gas  Engine  Design.     By  S.  A.  Moss.     197  pp., 

i8mo,  boards.     (New  York,  1907.)     2s.  net. 
Gas  and  Petroleum  Engines.     A   Manual  for  Students  and 

Engineers.    By  Prof.  W.  Robinson.     (FINSBURY  TECHNICAL 

MANUAL.)     Third  edition  in  preparation. 
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Gasolene  Engines,  their  Operation,  Use,  and  Care.  By 
A.  Hyatt  Verrill.  152  illus.,  275  pp.,  crown  8vo.  (New 
York,  1912.)  6s.  6d.  net. 

GAS    LIGHTING 

Gas  Analyst's  Manual  (incorporating  Hartley's  "  Gas  Ana- 
lyst's Manual  "  and  "  Gas  Measurement  ").  By  J.  Abady. 
102  illus.,  576  pp.,  demy  8vo.  (1902.)  i8s.  net. 

Gas  Works  :  their  Arrangement,  Construction,  Plant  and 
Machinery.  By  F.  Colyer.  31  folding  plates,  134  pp., 
8vo.  (1884.)  8s.  6d.  net. 

Transactions  of  the  Institution  of  Gas  Engineers.  Edited 
by  Walter  T.  Dunn,  Secretary.  Published  annually.  8vo. 
los.  6d.  net. 

Lighting  by  Acetylene.  By  F.  Dye.  75  illus.,  200  pp., 
crown  8vo.  (1902.)  6s.  net. 

A  Comparison  of  the  English  and  French  Methods  of 
Ascertaining  the  Illuminating  Power  of  Coal  Gas.  By 
A.  J.  Van  Eijndhoven.  Illustrated,  crown  8vo.  (1897.)  45. 

Gas  Lighting  and  Gas  Fitting.  By  W.  P.  Gerhard.  Third 
edition,  190  pp.,  i8mo,  boards.  (New  York,  1904.)  2s.  net. 

A  Treatise  on  the  Comparative  Commercial  Values  of 
Gas  Coals  and  Cannels.  By  D.  A.  Graham.  3  plates, 
100  pp.,  8vo.  (1882.)  45.  6d. 

The  Gas  Engineer's  Laboratory  Handbook.  By  J.  Horn- 
by. Third  edition,  revised,  70  illus.,  330  pp.,  crown  8vo. 
(1911.)  6s.  net. 

HISTORICAL   AND    BIOGRAPHICAL 

Extracts  from  the  Private  Letters  of  the  late  Sir  William 
Fothergill  Cooke,  1836-9,  relating  to  the  Invention  and 
Development  of  the  Electric  Telegraph  ;  also  a  Memoir  by 
Latimer  Clark.  Edited  by  F.  H.  Webb,  Sec.Inst.E.E. 
8vo.  (1895.)  35. 

A  Chronology  of  Inland  Navigation  in  Great  Britain.  By 
H.  R.  De  Salis.  Crown  8vo.  (1897.)  45.  6d. 

A  History  of  Electric  Telegraphy  to  the  year  1837.  By  J. 
J.  Fahie.  35  illus.,  542  pp.,  crown  8vo.  (1889.)  2s.  net. 

History  and  Development  of  Steam  Locomotion  on  Com- 
mon Roads.  By  W.  Fletcher.  109  illus.,  288  pp.,  8vo.  5$. 
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Life  as  an  Engineer  :  its  Lights,  Shades,  and  Prospects.     By 

J.  W.  G.  Haldane.     New  edition,  23  plates,  390  pp.,  crown 

8vo.     (1910.)     5s.  net. 
Philipp   Reis,   Inventor   of   the  Telephone :     a   Biographical 

Sketch.     By  Prof.  S.  P.  Thompson.      8vo,  cloth.     (1883.) 

75.  6d. 
The  Development  of  the  Mercurial  Air  Pump.    By  Prof. 

S.  P.  Thompson.  43  illus.,  37  pp.,  royal  8vo,  sewed.   (1888.) 

is.  6d. 

HOROLOGY 

Watch    and    Clock    Maker's    Handbook,   Dictionary    and 

Guide.  By  F.  J.  Britten.  Tenth  edition,  450  illus., 
492  pp.,  crown  8vo.  (1902.)  55.  net. 

The  Springing  and  Adjusting  of  Watches.  By  F.  J.  Brit- 
ten. 75  illus.,  152  pp.,  crown  8vo.  (1898.)  35.  net. 

Prize  Essay  on  the  Balance  Spring  and  its  Isochronal  Adjust- 
ments. By  M.  Immisch.  7  illus.,  50  pp.,  crown  8vo. 
(1872.)  25.  6d. 

HYDRAULICS    AND    HYDRAULIC 
MACHINERY 

(See  also  Irrigation  and  Water  Supply.) 

The  Suction  Caused  by  Ships  explained  in  popular  language. 

By  E.  S.  Bellasis.     2  plates,  26  pp.,  8vo,  sewed.     (1912.) 

is.  net. 
Hydraulics   with   Working    Tables.    By   E.    S.    Bellasis. 

Second  edition,  160  illus.,  xii  +  3ii  pp.,  8vo.    (1911.)  12s.  net. 
Pumps  :  Historically,  Theoretically  and  Practically  Considered. 

By  P.  R.  Bjorling.     Second  edition,  156  illus.,  234  pp., 

crown  8vo.     (1895.)     js.  6d. 
Pump    Details.    By  P.   R.   Bjorling.    278  illus.,   211   pp., 

crown  8vo.     (1892.)     75.  6d. 
Pumps  and  Pump  Motors  :  A  Manual  for  the  use  of  Hydraulic 

Engineers.     By  P.  R.  Bjorling.      Two  vols.,  261  plates, 

369  pp.,  royal  4to.     (1895.)     £i  los.  net. 
Practical  Handbook  on  Pump  Construction.     By  P.  R. 

Bjorling.     Second  edition,  new  impression,  9  plates,  viii  + 

86  pp.,  crown  8vo.     (1912.)     35.  6d.  net. 
Water  or  Hydraulic  Motors.    By  P.  R.  Bjorling.     206  illus., 

287  pp.,  crown  8vo.     (1903.)    95. 
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Hydraulic  Machinery,  with  an  Introduction  to  Hydraulics. 

By  R.  G.  Elaine.     Second   edition,  307    illus.,  468    pp., 

8vo.     (FINSBURY  TECHNICAL  MANUAL.)     (1905.)     i4s.net. 
Practical    Hydraulics.     By   T.    Box.     Fifteenth    edition,    8 

plates,  88  pp.,  crown  8vo.     (1909.)     5s.  net. 
Pumping  and  Water  Power.     By  F.  A.  Bradley.     51  illus., 

vii  +  118  pp.,  demy  8vo.     (1912.)     45.  6d.  net. 
Hydraulic,  Steam,  and  Hand  Power  Lifting  and  Pressing 

Machinery.    By  F.  Colyer.     Second  edition,  88  plates, 

211  pp.,  imperial  8vo.     (1892.)     los.  6d.  net. 
Pumps  and  Pumping  Machinery.    By  F.  Colyer. 

Vol.  i.     Second  edition,  53  plates,  2-12  pp.,  8vo.     (1892.) 

IDS.  6d.  net. 
Vol.    II.      Second    edition,    48    plates,    169    pp.,    8vo. 

(1900.)     los.  6d.  net. 
Construction   of  Horizontal   and   Vertical   Water-wheels. 

By  W.  Cullen.     Second  edition,  12  plates,  4to.     (1871.)     5s. 
Donaldson's   Poncelet   Turbine  and  Water  Pressure  Engine 

and  Pump.     By  W.  Donaldson.     2  plates,  viii  -\-  32  pp., 

demy  4to.     (1883.)     5s. 
Principles  of  Construction  and  Efficiency  of  Water-wheels. 

By  W.  Donaldson.     13  illus.,  94  pp.,  8vo.     (1876.)     55. 
Practical   Hydrostatics    and   Hydrostatic    Formula.    By 

E.  S.  Gould.    27  illus.,  114  pp.,  i8mo,  boards.     (New  York, 

1903.)     2s.  net. 
Hydraulic  and  Other  Tables  for  purposes  of  Sewerage  and 

Water  Supply.     By  T.  Hennell.     Third  edition,  70  pp., 

crown  8vo.     (1908.)     45.  6d.  net. 
Tables  for  Calculating  the  Discharge  of  Water  in  Pipes  for 

Water  and  Power  Supplies.     Indexed  at  side  for  ready  refer- 
ence.    By  A.  E.  Silk.     63  pp.,  crown  8vo.     (1899.)     5s. 
Simple  Hydraulic  Formulae.     By  T.  W.  Stone.     9  plates, 

98  pp.,  crown  8vo.     (1881.)     45. 

A  B  C  of  Hydrodynamics.     By  Lieut.-Col.  R.  de  Villamil. 
48  illus.,  xi  +  135  pp.,  demy  8vo.     (1912.)     6s.  net. 

INDUSTRIAL    CHEMISTRY    AND 
MANUFACTURES 

Transaction  of  the  American  Institute  of  Chemical  En- 
gineers.    Issued  annually.     305.  net. 
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Perfumes   and   their   Preparation.    By   G.  W.  Askinson. 

Translated  from  the  Third  German  Edition  by  I.  Fuest. 

Third  edition,  32   illus.,  312  pp.,  8vo.     (New  York,  1907.) 

I2s.  6d.  net. 
Brewing  Calculations,  Gauging  and  Tabulation.     By  C.  H. 

Bater.     340  pp.,  641110,  roan,  gilt  edges.     (1897.)     is.  6d. 

net. 

A  Pocket  Book  for  Chemists,  Chemical  Manufacturers,  Metal- 
lurgists, Dyers,  Distillers,  etc.     By  T.  Bayley.     Seventh 

edition,   new  impression,   550   pp.,  royal  32mo,  roan,  gilt 

edges.     (1912.)     55.  net. 
Practical  Receipts  for  the  Manufacturer,  the  Mechanic,  and  for 

Home  use.     By  Dr.  H.  R.  Berkeley  and  W.  M.  Walker. 

New  impression,  250  pp.,  demy  8vo.     (1912.)     55.  net. 
A   Treatise  on   the   Manufacture   of  Soap   and   Candles, 

Lubricants  and  Glycerine.     By  W.  L.  Carpenter  and  H. 

Leask.     Second  edition,   104  illus.,  456  pp.,   crown  8vo. 

(1895.)     12s.  6d. 
A  Text  Book  of  Paper  Making.     By  C.  F.  Cross  and  E.  J. 

Bevan.     Third   edition,    97   illus.,    411    pp..    crown    8vo. 

(1907.)     i2s.  6d.  net. 
C.B.S.  Standard  Units  and  Standard  Paper  Tests.    By  C. 

F.  Cross,  E.  J.  Bevan,  C.  Beadle  and  R.  W.  Sindall. 

25  pp.,  crown  4to.     (1903.)     2s.  6d.  net. 
Pyrometry.     By  C.  R.  Darling.     60  illus.,  200  pp.,  crown  8 vo 

(1911.)     5s.  net. 
Soda  Fountain  Requisites.    A  Practical  Receipt  Book  for 

Druggists,  Chemists;  etc.     By  G.  H.  Dubelle.     Third  edi- 
tion, 157  pp.,  crown  8vo.     (New  York,  1905.)     45.  6d.  net. 
Spices  and  How  to  Know  Them.     By  W.  M.  Gibbs.    47 

plates,  including  14  in  colours,  176  pp.,  8vo.     (New  York, 

1909.)     155.  net. 
The  Chemistry  of  Fire  and  Fire  Prevention.     By  H.  and  H. 

Ingle.    45  illus.,  290  pp.,  crown  8vo.     (1900.)     gs. 
Ice -making  Machines.    By  M.  Ledoux  and  others.     Sixth 

edition,  190  pp.,  i8mo,  boards.     (New  York,  1906.)     2s.  net. 
Brewing  with  Raw  Grain.     By  T.  W.  Lovibond.    75  pp., 

crown  8vo.     (1883.)     5s. 
The  Chemistry,  Properties,  and  Tests  of  Precious  Stones. 

By  J.  Mastin.     114  pp.,  fcap.  i6mo,  limp  leather,  gilt  top. 

(1911.)    25.  6d.  net. 
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Sugar,  a  Handbook  for  Planters  and  Refiners.  By  the  late 
J.  A.  R.  Newlands  and  B.  E.  R.  Newlands.  236  illu?., 
876  pp.,  8vo.  (1909.}  £i  55.  net. 

Principles  of  Leather  Manufacture.  By  Prof.  H.  R.  Proc- 
ter. 101  illus.,  520  pp.,  8vo.  (1908.)  i8s.  net. 

Leather  Industries  Laboratory  Handbook  of  Analytical  and 

Experimental  Methods.     By  H.  R.  Procter.     Second  edi- 
tion, 4  plates,  46  illus.,  450  pp.,  8vo.     (1908.)    i8s.  net. 

Leather  Chemists'  Pocket  Book.  A  short  compendium  of 
Analytical  Methods.  By  Prof.  H.  R.  Procter.  Assisted 
by  Dr.  E.  Stiasny  and  H.  Brumwell.  4  illus.,  xiv  +  223 
pp.,  i6mo,  leather.  (1912.)  55.  net. 

Theoretical  and  Practical  Ammonia  Refrigeration.  By 
I.  I.  Redwood.  Sixth  thousand,  15  illus.,  146  pp.,  square 
i6mo.  (New  York,  1909.)  45.  6d.  net. 

Breweries  and  Maltings.     By  G.  Scammell  and  F.  Colyer. 

Second  edition,  20  plates,  178  pp.,  8vo.     (1880.)     6s.  net. 
Factory    Glazes    for    Ceramic    Engineers.     By   H.  Rum- 

Bellow.     Folio.     Series     A,     Leadless     Sanitary     Glazes. 

(1908.)     £2  2s.  net. 
Spons'  Encyclopedia  of  the  Industrial  Arts,  Manufactures 

and  Commercial  Products.     2  vols.     1,500  illus.,  2,100  pp., 

super  royal  8vo.     (1882.)     £2  zs.  net. 
The  Absorption  Refrigerating  Machine.    By  G.  T.  Voor- 

hees.     42  illus.,  144  pp.,  narrow  crown  8vo.     (New  York, 

1911.)     8s.  6d.  net. 
Tables  for  the  Quantitative  Estimation  of  the  Sugars.     By 

E.  Wein  and  W.  Frew.     Crown  8vo.     (1896.)     6s. 

The  Puering,  Bating  and  Drenching  of  Skins.     By  J.  T. 

Wood.      33    illus.,    xv  +  300    pp.,     demy    8vo.     (1912.) 

i2s.  6d.  net. 
Workshop  Receipts.     For  the  use  of  Manufacturers,  Mechanics 

and  Scientific  Amateurs.     NEW  AND  THOROUGHLY  REVISED 

EDITION,  crown  8vo.     (1909.)     35.  each  net. 
Vol.      I.    ACETYLENE  LIGHTING  to  DRYING.     223  illus., 

532  pp. 

Vol.     II.    DYEING  to  JAPANNING.     259  illus.,  540  pp. 
Vol.  III.    JOINTING  PIPES  to  PUMPS.    256  illus.,  528  .pp. 
Vol.  IV.    RAINWATER     SEPARATORS     to     WIRE     ROPE 

SPLICING.    321  illus.,  540  pp. 
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Practical  Handbook  on  the  Distillation  of  Alcohol  from 
Farm  Products.  By  F.  B.  Wright.  Second  edition,  60 
illus.,  271  pp.,  crown  8vo.  (New  York,  1907.)  45.  6d.  net. 

The  Manufacture  of  Chocolate  and  other  Cacao  Preparations. 
By  P.  Zipperer.  Second  edition,  87  illus.,  280  pp.,  royal 
8vo.  (1902.)  i6s.  net. 

INTEREST    TABLES 

The  Wide  Range  Dividend  and  Interest  Calculator,  showing 
at  a  glance  the  Percentage  on  any  sum  from  One  Pound  to 
Ten  Thousand  Pounds,  at  any  Interest,  from  i  per  cent,  to 
12 J  per  cent.,  proceeding  by  J-  per  cent.  By  A.  Stevens. 
100  pp.,  super  royal  8vo.  6s.  net. 
Quarter  morocco,  cloth  sides,  75.  6d.  net. 

The  Wide  Range  Income  Tax  Calculator,  showing  at  a  glance 
the  Tax  on  any  sum  from  One  Shilling  to  Thousand  Pounds, 
at  the  Rate  of  gd.,  is.,  and  is.  2d.  in  the  Pound.  By  A. 
Stevens.  On  folding  card,  imperial  8vo.  is.  net. 

IRRIGATION 

Punjab    Rivers    and  Works.     By  E.   S.  Bellasis.     Second 

edition,  47  illus.,  65  pp.,  folio,  cloth.     (1912.)     8s.  net. 
Irrigation  Pocket  Book.    By  R.  B.  Buckley.     419  pp.,  crown 

8vo,  leather  cloth  with  rounded  corners.    (1911. )  I2s.  6d.  net. 
The  Design  of  Channels  for  Irrigation  and  Drainage.     By 

R.B.Buckley.     22  diagrams,  56pp.,  crown  8vo.     (1911.) 

2s.  net. 
The  Irrigation  Works  of  India.     By  R.  B.  Buckley.     Second 

edition,  with  coloured  maps  and  plans.     336  pp.,4to,  cloth. 

(1905.)     £2  25.  net. 
Irrigated  India.     By  Hon.  Alfred  Deakin.     With  Map,  322 

pp.,  8vo.     (1893.)     8s.  6d. 
Indian  Storage  Reservoirs,  with  Earthen  Dams.     By  W.  L. 

Strange.     Second  edition  in  preparation. 
The   Irrigation   of  Mesopotamia.     By  Sir   W.   Willcocks. 

2  vols.,  46  plates,  136  pp.     (Text  super  royal  8vo,  plates 

folio.)     (1911.)     |l  net. 
Egyptian  Irrigation.     By  Sir  W.  Willcocks. 

Third  edition  in  preparation. 

A  few  copies  of  the  First  Edition  (1889)  are  still  to  be  had. 
Price  155.  net. 
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The  Nile  Reservoir  Dam  at  Assuan,  and  After.  By  Sir 
W.  Willcocks.  Second  edition,  13  plates,  35  pp,.  super  royal 
8vo.  (1903.)  6s.  net. 

The  Assuan  Reservoir  and  Lake  Moeris.  By  Sir  W.  Will- 
cocks.  With  text  in  English,  French  and  Arabic.  5 
plates,  116  pp.,  super  royal  8vo.  (1904.)  55.  net. 

The  Nile  in  1904.  By  Sir  W.  Willcocks.  30  plates,  200  pp., 
super  royal  8vo.  (1904.)  gs.  net. 

LOGARITHM    TABLES 

Aldum's  Pocket  Folding  Mathematical  Tables.  Four- 
figure  Logarithms,  and  Anti-logarithms,  Natural  Sines, 
Tangents,  Cotangents,  Cosines,  Chords  and  Radians  for  all 
angles  from  i  to  90  degrees.  And  Decimalizer  Table  for 
Weights  and  Money.  On  folding  card.  4^.  net.  20  copies, 
6s.  net. 

Tables  of  Seven -figure  Logarithms  of  the  Natural  Numbers 
from  i  to  108,000.  By  C.  Babbage.  Stereotype  edition, 
224  pp.,  medium  8vo.  55.  net. 

Four -Place  Tables  of  Logarithms  and  Trigonometric 
Functions.  By  E.  V.  Huntington.  Ninth  thousand, 
34  pp.,  square  8vo,  limp  buckram,  with  cut  lateral  index. 
(New  York,  1911.)  35.  net. 

Short  Logarithmic  and  other  Tables.  By  W.  C.  Unwin. 
Fourth  edition,  small  4to.  35. 

Logarithmic  Land  Measurement.  By  J.  Wallace.  32 
pp.,  royal  8vo.  (1910.)  55.  net. 

ABC  Five-figure  Logarithms  with  Tables,  for  Chemists. 
By  C.  J.  Woodward.  Crown  8vo.  2$.  6d.  net. 

ABC  Five -figure  Logarithms  for  general  use,  with  lateral 
index  for  ready  reference.  By  C.  J.  Woodward.  Second 
edition,  with  cut  lateral  Index,  116  pp.,  I2mo,  limp  leather. 
35.  net. 

MARINE    ENGINEERING 
AND    NAVAL    ARCHITECTURE 

Marine  Propellers.  By  S.  W.  Barnaby.  Fifth  edition,  5 
plates,  56  illus.,  185  pp.,  demy  8vo.  (1908.)  los.  6d.  net. 

Marine  Engineer's  Record  Book :  Engines.  By  B.  C. 
Bartley.  8vo,  roan.  55.  net. 
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The  Suction  Caused  by  Ships  and  the  Olympic- Ha wke 
Collision.  By  E.  S.  Bellasis.  i  chart  and  5  illus.  in 
text,  26  pp.,  8vo,  sewed.  (1912.)  is.  net. 

Yachting  Hints,  Tables  and  Memoranda.  By  A.  C.  Franklin. 
Waistcoat  pocket  size,  103  pp.,  641110,  roan,  gilt  edges, 
is.  net. 

Steamship  Coefficients,  Speeds  and  Powers.  By  G.  F.  A. 
Fyfe.  31  plates,  280  pp.,  fcap.  8vo,  leather.  (1907.) 
IGS.  6d.  net. 

How  to  Build  a  Speed  Launch.  By  E.  W.  Graef.  14  plates, 
32  pp.,  quarto.  (New  York,  1903).  45.  6d.  net. 

Steamships  and  Their  Machinery,  from  first  to  last.  By 
J.  W.  C.  Haldane.  120  illus.,  532  pp.,  8vo.  (1893.)  155. 

Tables  for  Constructing  Ships '  Lines .  By  A .  Hogg .  Third 
edition,  3  plates,  20  pp.,  8vo,  sewed.  (1911.)  35.  net. 

Submarine  Boats.  By  G.  W.  Hovgaard.  2  plates,  98  pp., 
crown  8vo.  (1887.)  55. 

Tabulated  Weights  of  Angle,  Tee,  Bulb,  Round,  Square,  and 
Flat  Iron  and  Steel  for  the  use  of  Naval  Architects,  Ship- 
builders, etc.  By  C.  H.  Jordan.  Sixth  edition,  640  pp., 
royal  32mo,  leather,  gilt  edges.  (1909.)  75.  6d. 
net. 

Particulars  of  Dry  Docks,  Wet  Docks,  Wharves,  etc.,  on  the 
River  Thames.  Compiled  by  C.  H.  Jordan.  Second 
edition,  7  coloured  charts,  103  pp.,  oblong  8vo.  (1904.) 
2s.  6d.  net. 

Marine  Transport  of  Petroleum.  By  H.  Little.  66  illus., 
263  pp.,  crown  8vo.  (1890.)  los.  6d. 

Questions  and  Answers  for  Marine  Engineers,  with  a  Prac- 
tical Treatise  on  Breakdowns  at  Sea.  By  T.  Lucas.  12 
folding  plates,  515  pp.,  gilt  edges,  crown  8vo.  (New  York, 
1902.)  8s.  net. 

How  to  Build  a  Motor  Launch.  By  C.  D.  Mower.  49  illus., 
42  pp.,  4to.  (New  York,  1904).  45.  6d.  net. 

Reed's  Engineers'  Handbook  to  the  Board  of  Trade 
Examinations  for  certificates  of  Competency  as  First  and 
Second  Class  Engineers.  Nineteenth  edition,  37  plates, 
358  illus.,  696  pp.,  8vo.  145.  net. 

Key  to  Reed's  Handbook.    75.  6d.  net. 

Reed's  Marine  Boilers.  Third  edition,  79  illus.,  258  pp., 
crown  8vo.  (1905.)  45.  6d.  net. 
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vised by  J.  H.  Kinealy.  41  illus.,  83  pp.,  crown  8vo.  (New 
York,  1899.)  45.  6d.  net. 

Shaft  Governors.  By  W.  Trinks  and  C.  Hoosum.  27  illus;, 
97  pp.,  i8mo,  boards.  (New  York,  1905.)  2s.  net. 


32  E.  &  F.  N.  SPON,  LTD.,  37,  HAYMARKET,  LONDON,  S.W. 

Treatise  on  the  Design  and  Construction  of  Mill  Buildings. 

By  H.  G.  Tyrrell.     652  illus.,  490  pp.,  8vo.     (New  York, 

1911.)     175.  net. 
Slide  and  Piston  Valve  Geared  Steam  Engines.     By  W.  H. 

Uhland.    47  plates  and  314  illus.,   155  pp.     Two  vols., 

folio,  half  morocco.     (1882.)     £i  i6s.  " 
How  to  run  Engines  and  Boilers.     By  E.  P.  Watson.     Fifth 

edition,  31  illus.,  160  pp.,  8vo.     (New  York,  1904.)     $s.6d. 
Position  Diagram   of   Cylinder   with   Meyer  Cut-off.    By 

W.  H.  Weightman.     On  card.     (New  York.)     is.  net. 
Practical  Method  of  Designing  Slide  Valve  Gearing.    By 

E.  J.  Welch.     69  illus,  283  pp.,  crown  8vo.     (1890.)     6s. 
Elements  of  Mechanics.     By  T.  W.  Wright.     Eighth  edition, 

215  illus.,  382  pp.,  8vo.     (New  York,  1909.)     T.OS.  6d.  net. 


METALLURGY 

Iron  and  Steel  Manufacture 

Life    of    Railway    Axles.     By    T.    Andrews.     8vo,    sewed. 

(1895.)     is. 
Microscopic  Internal  Flaws  in  Steel  Rails  and  Propeller 

Shafts.    By  T.   Andrews.    8vo,   sewed.     (1896.)     is. 
Microscopic  Internal  Flaws,  Inducing  Fracture  in  Steel. 

By  T.  Andrews.     8vo,  sewed.     (1896.)     2s. 
Practical  Alloying.    A  compendium  of  Alloys  and  Processes 

for    Brassfounders,    Metal    Workers,    and    Engineers.     By 

John  F.  Buchanan.    41  illus.,  205  pp.,  8vo.     (New  York, 

1911.)     IQS.  6d.  net. 
Brassfounders'    Alloys.      By  J.  F.  Buchanan.     23   illus., 

viii  +  129  pp.,  crown  8vo.     (1905.)     45.  6d.  net. 
The   Moulder's   Dictionary    (Foundry    Nomenclature).     By 

J.  F.  Buchanan.     New  impression,  26  illus.,  viii  +  225  pp., 

crown  8vo.     (1912.)     35.  net. 
American  Standard   Specifications  for   Steel.    By  A.  L. 

Colby.     Second  edition,  revised,  103  pp.,  crown  8vo.     (New 

York,  1902.)     55.  net. 
Galvanized  Iron  :  its  Manufacture  and  Uses.     By  J.  Da  vies. 

139  pp.,  8vo.     (1899.)     55.  net. 
Management  of  Steel.    By  G.  Ede.    Seventh  edition,  216  pp., 

crown  8vo.     (1903.)     55. 


SCIENTIFIC   BOOKS.  33 


The  Frodair  Handbook  for  Ironfounders.     160  pp.,  i2mo. 

(1910.)     2s.  net. 
Manufacture  of  Iron  and  Steel.    By  H.  R.  Hearson.    21 

illus.,  xii  +  103  pp.,  8vo.     (1912.)     45.  6d.  net. 
Cupola  Furnace.     By  E.  Kirk.     Third  edition,  106  illus.,  484 

pp.,  8vo.     (New  York,  1910.)     155.  net. 
Practical  Notes  on  Pipe  Founding.    By  J.  W.  Macfarlane. 

15  plates,  148  pp.,  8vo.     (1888.)     12$.  6d. 
Atlas  of  Designs  concerning  Blast  Furnace  Practice.    By 

M.  A.  Pavloff.     127  plates,  14  in.  by  io|-  in.  oblong,  sewed. 

(1902.)    £i  is.  net. 
Album  of  Drawings  relating  to  the  Manufacture  of  Open 

Hearth  Steel.    By  M.  A.  Pavloff. 
Part  I.     OPEN  HEARTH  FURNACES.     52  plates,  14  in.  by 

loj  in.  oblong  folio,  in  portfolio.     (1904.)     I2S.  net. 
Metallography  Applied  to   Siderurgic  Products.     By  H. 

Savoia.    Translated  by  R.  G.  Corbet.     94  illus.,  180  pp., 

crown  8vo.  (1910.)     45.  6d.  net. 
Modern  Foundry  Practice.     By  J.  Sharp.     Second  edition, 

new  impression,  272  illus.,  759  pp.,  8vo.      (1911.)     £i  is. 

net. 
How  to  Make  Converter  Steel  Castings.     By  A.  Simonson. 

23  illus.,  vi  -f-  40  pp.,  8vo.     (New  York,  1910.)     45.  6d.  net. 
Roll  Turning  for  Sections  in  Steel  and  Iron.    By  A.  Spen- 
cer.    Second  edition,  78  plates,  4to.     (1894.)     £i  los. 


METRIC     TABLES 

French  Measure  and  English  Equivalents.     By  J.  Brook. 

Second  edition,  80  pp.,  fcap.  32mo,  roan.     is.  net. 
A  Dictionary  of  Metric  and  other  useful  Measures.     By 

L.  Clark.     113  pp.,  8vo.     (1891.)    6s. 
English  Weights,  with  their  Equivalents  in  kilogrammes. 

By  F.  W.  A.  Logan.    96  pp.,  fcap.  32mo,  roan.     is.  net. 
Metric    Weights    with    English    Equivalents.     By    H.    P. 

McCartney.     84  pp.,  fcap.  32mo,  roan.     is.  net. 
Metric  Tables.    By  Sir  G.  L.  Moles  worth.    Fourth  edition, 

95  pp.,  royal  32mo.     (1909.)     2s.  net. 


34  E.  &  F.  N.  SPON,  LTD.,  57,  HAYMARKET,  LONDON,  S.W. 

Tables  for  Setting  out  Curves  from  200  metres  to  4,000  metres 
by  tangential  angles.  By  H.  Williamson.  4illus.,  60  pp., 
i8mo.  2s.  net. 


MINERALOGY    AND    MINING 

Rock  Blasting.     By  G.  G.  Andre.     12  plates  and  56  illus.  in 

text,  202  pp.,  8vo.     (1878.)     5s. 
Winding  Plants  for  Great  Depths.     By  H.  C.  Behr.     In 

two  parts.     8vo,  sewed.     (1902.)     £2  2s.  net. 
Practical  Treatise  on  Hydraulic  Mining  in  California.     By 

A.  J.  Bowie,  Junr.     Tenth  edition,  73  illus.,  313  pp.,  royal 

8vo.     (New  York,  1905.)     £i  is.  net. 
Tables  for  the  Determination  of  Common  Rocks.    By  O. 

Bowles.    64  pp.,  iSmo,  boards.     (VAN  NOSTRAND  SERIES, 

No.  125.)     (New  York,  1910.)     2s.  net. 
Manual  of  Assaying  Gold,  Silver,  Copper  and  Lead  Ores. 

By  W.  L.  Brown.    Twelfth  edition,  132  illus.,  589  pp., 

crown  8vo.     (New  York,  1907.)     los.  6d.  net. 
Fire  Assaying.     By  E.  W.  Buskett.     69  illus.,  105  pp.,  crown 

8vo.     (New  York,  1907.)     45.  6d.  net. 
Tin  :  Describing  the  Chief  Methods  of  Mining,Dressing,  etc.  By  A. 

G.  Charleton.  15  plates,  83  pp.,  crown  8vo.    (1884.)   i2s.6d. 
Gold  Mining  and  Milling  in  Western  Australia,  with  Notes 

upon  Telluride  Treatment,  Costs  and  Mining  Practice  in 

other  Fields.     By  A.  G.  Charleton.     82  illus.  and  numerous 

plans  and  tables,  648  pp.,  super  royal  8vo.  (1903.)  £i  55.  net. 
Miners'     Geology    and    Prospectors'     Guide.     By  G.  A. 

Corder.     29  plates,  224 pp.,  crown  8vo.     (1907.)     55.  net. 
Blasting  of  Rock  in  Mines,  Quarries,  Tunnels,  etc.    By 

A.  W.  and  Z.  W.  Daw.     Second  edition,  90  illus.,  316  pp., 

demy  8vo.     (1909.)     155.  net. 
Handbook  of  Mineralogy  ;  determination  and  description  of 

Minerals   found   in  the   United   States.     By   J.  C.  Foye. 

180  pp.,  i8mo,  boards.     (New  York,  1886.)     2s.  net. 
Our  Coal  Resources  at  the  End  of  the  Nineteenth  Century. 

By  Prof.  E.  Hull.     157  pp.,  demy  8vo.     (1897.)     6s. 
Hydraulic  Gold  Miners'  Manual.    By  T.  S.  G.  Kirkpatrick. 

Second  edition,  12  illus.,  46  pp.,  crown  8vo.     (1897.)     45. 
Economic  Mining.     By  C.  G.  W.  Lock.     175  illus.,  680  pp., 

8vo.     (1895.)     los.  6d.  net. 


SCIENTIFIC  BOOKS.  35 

Gold  Milling  :   Principles  and  Practice.     By  C.  G.  W.  Lock. 
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illustrations,  50  pp.,  4to.  (New  York,  1902.)  45.  6d.  net. 

Model  Engines  and  Small  Boats.  By  N.  M.  Hopkins.  50 
illus.,  viii+74  pp.,  crown  8vo.  (New  York,  1898.)  55.  yd.  net. 

Theory  and  Practice  of  Model  Aeroplaning.  By  V.  E. 
Johnson.  61  illus.,  xvi  +  148  pp.,  crown  8vo.  (1910.) 
35.  6d.  net. 

The  Gyroscope,  an  Experimental  Study.  By  V.  E.  John- 
son. 34  illus.,  40  pp.,  crown  8vo,  limp.  (S.  &  C.  SERIES, 
No.  22.)  (1911.)  is.  6d.  net. 

The  Model  Vaudeville  Theatre.  By  N.  H.  Schneider.  34 
illus.,  90  pp.,  crown  8vo.  (S.  &C.  SERIES,  No.  15.)  (New 
York,  1910.)  is.  6d.  net. 

Electric  Toy -Making.  By  T.  O.  Sloane.  Fifteenth  edition, 
70  illus.,  183  pp.,  crown  8vo.  (New  York,  1903.)  45.  6d.  net. 
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Model  Steam  Engine  Design.     By  R.  M.  De  Vignier.     34 

illus.,  94  pp.,  crown  8vo,  limp.     (S.  &.  C.  SERIES,  No.  9.) 
(New  York,  1907.)     is.  6d.  net. 

Small  Engines  and  Boilers.     By  E.  P.  Watson.     33  illus., 
viii  -f-  108  pp.,  crown  8vo.     (New  York,  1899.)     55.  6d.  net. 

ORGANIZATION 

Accounts,  Contracts  and  Management 
Organization  of  Gold  Mining  Business,  with  Specimens  of 

the  Departmental  Report  Books  and  the  Account  Books. 

By  Nicol  Brown.     Second  edition,  220  pp.,   fcap.   folio. 

(1903.)     £i  55.  net. 
Cost  Keeping  and  Management  Engineering.     A  Treatise 

for  those  engaged  in  Engineering  Construction.     By  H.  P. 

Gillette  and  R.  T.  Dana.     184  illus.,  346  pp.,  8vo.     (New 

York,  1909.)     155.  net. 
Manual  of  Engineering  Specifications  and  Contracts.     By 

L.  M.  Haupt.     Eighth  edition,  338  pp.,  8vo.     (New  York, 

1900.)     i2s.  6d.  net. 
Handbook   on    Railway    Stores    Management.     By  W.  O. 

Kempthorne.    268  pp.,  demy  8vo.     (1907.)     los.  6d.  net. 
Depreciation  of  Factories,  Municipal,  and  Industrial  Under- 
takings, and  their  Valuation.     By  E.  Matheson.     Fourth 

edition,  230  pp.,  8vo.     (1910.)     los.  6d.  net. 
Aid  Book  to  Engineering  Enterprise.     By  E.  Matheson. 

Third  edition,  916  pp.,  8vo,  buckram.     (1898.)     £i  45. 
Office  Management.     A  handbook  for  Architects  and  Civil 

Engineers.     By  W.  Kay e  Parry.     New  impression,  187  pp., 

medium  8vo.     (1908.)     5s.  net. 
Commercial  Organization  of  Engineering  Factories.     By 

H.  Spencer.     92  illus.,  221  pp.,  8vo.     (1907.)      ios.6d.net. 

PHYSICS 

Colour,  Heat  and  Experimental  Science 
The    Entropy   Diagram   and   its   Applications.     By    M.    J. 

Boulvin.     38  illus.,  82  pp.,  demy  8vo.     (1898.)     5s. 
Physical    Problems    and    their    Solution.    By    A.    Bour- 

gougnon.  224  pp.,  i8mo,  boards.  (New  York,  1897.)  2s.net. 
Heat  for  Engineers.     By  C.  R.  Darling.     Second  edition, 

no  illus.,  430  pp.,  8vo.     (FINSBURY  TECHNICAL  MANUAL.) 

(1912.)     i2s.  6d.  net. 
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The  Colourist.  A  method  of  determining  colour  harmony. 
By  J.  A.  H.  Hatt.  2  coloured  plates,  80  pp.,  8vo.  (New 
York,  1908.)  6s.  6d.  net. 

Engineering  Thermodynamics.  By  C.  F.  Hirschfeld.  22 
illus.,  157  pp.,  i8mo,  boards.  (New  York,  1907.)  2s.  net. 

Experimental  Science  :  Elementary,  Practical  and  Experi- 
mental Physics.  By  G.  M.  Hopkins.  Twenty-third  edition, 
920  illus.,  1,100  pp.,  8vo.  (New  York,  1902.)  £i  is.  net. 

Reform  in  Chemical  and  Physical  Calculations.  By 
C.  J.  T.  Hanssen.  Demy  410.  (1897.)  6s.  6d.  net. 

Introduction  to  the  Study  of  Colour  Phenomena.  By  J.  W. 
Lovibond.  10  coloured  plates,  48pp.,  8vo.  (1905.)  5s.net. 

Practical  Laws  and  Data  on  the  Condensation  of  Steam 
in  Bare  Pipes  ;  to  which  is  added  a  Translation  of  Peclet's 
Theory  and  Experiments  on  the  Transmission  of  Heat 
through  Insulating  Materials.  By  C.  P.  Paulding.  184 
illus.,  102  pp.,  8vo.  (New  York,  1904.)  8s.  6d.  net. 

The  Energy  Chart.  Practical  application  to  reciprocating 
steam-engines.  By  Captain  H.  R.  Sankey.  157  illus., 
170  pp.,  8vo.  (1907.)  75.  6d.  net. 

PRICE    BOOKS 

The  Mechanical  Engineers'  Price  Book,  1912.  By  G. 
Brooks.  200  pp.,  pocket  size  (6J  in.  by  3!  in.  by  J  in. 
thick),  leather  cloth,  with  rounded  corners.  45.  net. 

Approximate  Estimates.  By  T.  E.  Coleman.  Third  edi- 
tion, 481  pp.,  oblong  32mo,  leather.  (1907.)  55.  net. 

The  Civil  Engineers'  Cost  Book.  By  Major  T.  E.  Coleman. 
xii  +  289  pp.,  pocket  size  (6J  in.  by  3!  in.),  leather  cloth. 
(1912.)  5s.  net. 

Railway  Stores  Price  Book.  By  W.  O.  Kempthorne. 
490  pp.,  demy  8vo.  (1909.)  los.  6d.  net. 

Handbook  of  Cost  Data  for  Contractors  and  Engineers. 
By  H.  P.  Gillette.  1,854  PP->  crown  8vo,  leather,  gilt 
edges.  (New  York,  1911.)  £i  is.  net. 

Spons'  Architects'  and  Builders'  Pocket  Price -Book  and 
Diary,  1913.  Edited  by  Clyde  Young.  Revised  by 
Stanford  M.  Brooks.  Fortieth  edition,  viii  -f-  308  pp. 
green  leather  cloth.  With  Diary  showing  a  week  at  an 
opening.  (Size  6|  in.  by  3f  in.  by  J  in.  thick.)  2s.  6d.  net, 
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RAILWAY    ENGINEERING    AND 
MANAGEMENT 

Practical  Hints  to  Young  Engineers  Employed  on  Indian 

Railways.    By  A.  W.  C.  Addis.     14  illus.,  154  pp.,  i2mo. 

(1910.)     35.  6d.  net. 
Field  and   Office  Tables,  specially  applicable  to  Railroads. 

By  C.  F.  Allen.     293  pp.,  i6mo,  leather.     (New  York,  1903.) 

8s.  6d.  net. 
Up-to-date  Air   Brake   Catechism.    By  R.   H.   Blackall. 

Twenty-third  edition,  5  coloured  plates,  96  illus.,  305  pp., 

crown  8vo.     (New  York,  1908.)     8s.  6d.  net. 
Prevention  of  Railroad  Accidents,  or  Safety  in  Railroading. 

By  Geo.  Bradshaw.     64  illus.,  173  pp.,  square  crown  8vo. 

(New  York,  1912.)     2s.  6d.  net. 
Simple  and  Automatic  Vacuum  Brakes.    By  C.  Briggs, 

G.N.R.     ii  plates,  8vo.     (1892.)     45. 
Notes  on  Permanent-way  Material,  Plate-laying,  and  Points 

and  Crossings.     By  W.  H.  Cole.     Sixth  edition,  revised, 

44  illus.  in  39  plates,  203  pp.,  crown  8vo.     (1912.)     js.  6d. 

net. 
Statistical  Tables  of  the  Working  of  Railways  in  various 

countries  up  to  the  year  1904.     By  J.  D.  Diacomidis. 

Second  edition,  84  pp.,  small  folio,  sewed.     (1906.)     i6s.  net. 
Locomotive  Breakdowns,  Emergencies  and  their  Remedies. 

By  Geo.  L.  Fowler,  M.E.,  and  W.  W.  Wood.    Fifth  edition, 

92  illus.,  266  pp.,  I2mo.     (New  York,  1911.)     45.  6d.  net. 
Permanent- way   Diagrams.    By   F.   H.   Frere.    Mounted 

on  linen  in  cloth  covers.     (1908.)     35.  net. 
Formulae  for  Railway  Crossings  and   Switches.    By    J. 

Glover.     9  illus.,  28  pp.,  royal  321110.     (1896.)     2s.  6d. 
Setting  out  of  Tube  Railways.    By  G.  M.  Halden.     9  plates, 

46  illus.,  68  pp.,  crown  410.     (1907.)     IQS.  6d.  net. 
Railway    Engineering,    Mechanical    and    Electrical.    By 

J.  W.  C.  Haldane.     New  edition,  141  illus.,  xx  +  583  pp., 

8vo.     (1908.)     155. 
The    Construction    of   the    Modern    Locomotive.    By    G. 

Hughes.     300  illus.,  261  pp.,  8vo.     (1894.)     95. 
Practical  Hints  for  Light  Railways  at  Hcme  and  Abroad. 

By  F.  R.  Johnson.    6  plates,  31  pp.,  crown  8vo.     (1896.) 

2s.  6d. 
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Handbook  on  Railway   Stores  Management.     By  W.   O. 

Kempthorne.     268  pp.,  demy  8vo.     (1907.)     IDS.  6d.  net. 

Railway    Stores    Price  Book.     By   W.    O.    Kempthorne. 

490  pp.,  demy  8vo.     (1909.)     los.  6d.  net. 

Railroad  Location  Surveys  and  Estimates.  By  F.  La  vis. 
68  illus,  270  pp.,  8vo.  (New  York,  1906.)  12s.  6d.  net. 

Pioneering.  By  F.  Shelford.  14  illus.,  88  pp.,  crown  8vo. 
(1909.)  35.  net. 

Handbook  on  Railway  Surveying  for  Students  and  Junior 
Engineers.  By  B.  Stewart.  55  illus.,  98  pp.,  crown  8vo. 
(1909.)  2s.  6d.  net. 

Modern  British  Locomotives.  By  A.  T.  Taylor.  100  dia- 
grams of  principal  dimensions,  118  pp.,  oblong  8vo.  (1907.) 
45.  6d.  net. 

Locomotive  Slide  Valve  Setting.  By  C.  E.  Tully.  Illus- 
trated, i8mo.  is.  net. 

The  Railway  Goods  Station.  By  F.  W.  West.  23  illus., 
xv  +  192  pp.,  crown  8vo.  (1912.)  45.  6d.  net. 

The  Walschaert  Locomotive  Valve  Gear.  By  W.  W.  Wood. 
4  plates  and  set  of  movable  cardboard  working  models  of 
the  valves,  193  pp.,  crown  8vo.  (New  York,  1912.)  6s.  6d. 
net. 

The  Westinghouse  E.T.  Air-Brake  Instruction  Pocket 
Book.  By  W.  W.  Wood.  48  illus.,  including  many 
coloured  plates,  242  pp.,  crown  8vo.  (New  York,  1909.) 
8s.  6d.  net. 


SANITATION,    PUBLIC    HEALTH   AND 
MUNICIPAL    ENGINEERING 

Sewers   and   Drains   for   Populous   Districts.    By   J.   W. 

Adams.     Ninth  edition,   81   illus.,   236  pp.,   8vo.     (New 

York,  1902.)     los.  6d.  net. 
Engineering  Work  in  Public  Buildings.     By  R.  O.  Allsop. 

77  illus.,  ix  +  158  pp.,  demy  4to.     (1912.)     125.  6d.  net. 
Public   Abattoirs,   their   Planning,   Design   and   Equipment. 

By  R.  S.  Ayling.     33  plates,  100  pp.,  demy  4to.     (1908.) 

8s.  6d.  net. 
Sewage    Purification.    By   E.    Bailey -Denton.    8    plates, 

44  pp.,  8vo,     (1896.)    55, 
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Water  Supply  and   Sewerage  of  Country  Mansions  and 

Estates.     By    E.    Bailey -Denton.     76    pp.,    crown    8vo. 
(1901.)     2s.  6d.  net. 

Sewerage   and   Sewage   Purification.     By   M.   N.   Baker. 

Second  edition,  144  pp.,  i8mo,  boards.     (New  York,  1905.) 
2S.  net. 

Sewage  Irrigation  by  Farmers.  By  R.  W.  P.  Birch.  8vo, 
sewed.  (1878.)  2s.  6d. 

Bacteriology  of  Surface  Waters  in  the  Tropics.  By  W. 
W.Clemesha.  viii  +  161  pp.,  8vo.  (Calcutta,  1912.)  js.6d. 
net. 

Sanitary  House  Drainage,  its  Principles  and  Practice.  By 
T.  E.  Coleman.  98  illus.,  206  pp.,  crown  8vo.  (1896.)  6s. 

Stable  Sanitation  and  Construction.     By  T.  E.  Coleman. 

183  illus.,  226  pp.,  crown  8vo.     (1897.)     6s. 

Discharge  of  Pipes  and  Culverts.    By  P.  M.  Crosthwaite. 

Large  folding  sheet  in  case.     2s.  6d.  net. 

A  Complete  and  Practical  Treatise  on  Plumbing  and 
Sanitation,  By  G.  B.  Davis  and  F.  Dye.  2  vols.,  637 
illus.  and  21  folding  plates,  830  pp.,  4to,  cloth.  (1899.) 
£i  IQS.  net. 

Standard  Practical  Plumbing.    By  P.  J.  Da  vies. 

Vol.  I.  Fourth  edition,  768  illus.,  355  pp.,  royal  8vo. 
(1905.)  75.  6d.  net. 

Vol.  II.  Second  edition,  953  illus.,  805  pp.  (1905.) 
IDS.  6d.  net. 

Vol.  III.     313  illus.,  204  pp.     (1905.)     5s.  net. 

Conservancy,  or  Dry  Sanitation  versus  Water  Carriage. 
By  J.  Donkin.  7  plates,  33  pp.,  8vo,  sewed.  (1906.)  is. 
net. 

Sewage  Disposal  Works.  By  W.  C.  Easdale.  160  illus., 
264  pp.,  8vo.  (1910.)  los.  6d.  net. 

House  Drainage  and  Sanitary  Plumbing.  By  W.  P. 
Gerhard.  Tenth  edition,  6  illus.,  231  pp.,  i8mo,  boards. 
(New  York,  1902.)  2s.  net. 

Central  Station  Heating.  By  B.  T.  Gifford.  37  illus., 
208  pp.,  8vo.,  leather,  (New  York,  1912.)  175.  net, 
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Housing  and  Town  Planning  Conference.  Report  of  Con- 
ference held  by  the  Institution  of  Municipal  and  County 
Engineers.  Edited  by  T.  Cole,  Secretary.  30  plates, 
240  pp.,  demy  8vo.  (1911.)  los.  6d.  net. 

Engineering  Work  in  Towns  and  Cities.  By  E.  McCulloch. 
44  illus.,  502  pp.,  crown  8vo.  (New  York,  1908.)  I2s.  6d. 
net. 

The  Treatment  of  Septic  Sewage.  By  G.  W.  Rafter. 
137  pp.,  i8mo,  boards.  (New  York,  1904.)  2s.  net. 

Reports  and  Investigations  on  Sewer  Air  and  Sewer  Ven- 
tilation. By  R.  H.  Reeves.  8vo,  sewed.  (1894.)  is. 

The  Law  and  Practice  of  Paving  Private  Street  Works. 
By  W.  Spinks.  Fourth  edition,  256  pp.,  8vo.  (1904.) 
I2s.  6d.  net. 

STRUCTURAL    DESIGN 

(See  Bridges  and  Roofs) 

TELEGRAPH    CODES 

New  Business  Code.  320  pp.,  narrow  8vo.  (Size  4J  in.  by 
7f  in.  and  J  in.  thick,  and  weight  10  oz.)  (New  York,  1909.) 
£i  is.  net. 

Miners'  and  Smelters'  Code  (formerly  issued  as  the  Master 
Telegraph  Code).,  448  pp.,  8vo,  limp  leather,  weight 
14  oz.  (New  York,  1899.)  £2  los.  net. 

Billionaire  Phrase  Code,  containing  over  two  million  sen- 
tences coded  in  single  words.  56  pp.,  8vo,  leather.  (New 
York,  1908.)  6s.  6d.  net. 

WARMING    AND    VENTILATION 

Heat  for  Engineers.  By  C.  R.  Darling.  Second  edition, 
no  illus.,  430  pp.,  8vo.  (FINSBURY  TECHNICAL  MANUAL.) 
(1912.)  I2S.  6d.  net. 

Hot  Water  Supply.  By  F.  Dye.  Fifth  edition,  new  impres- 
sion, 48  illus.,  viii  +  86  pp.,  8vo.  (1912.)  35.  net. 

A  Practical  Treatise  upon  Steam  Heating.  By  F.  Dye. 
129  illus.,  246  pp.,  8vo.  (1901.)  IQS.  net. 

Practical  Treatise  on  Warming  Buildings  by  Hot  Water. 
By  F.  Dye.  192  illus.,  319  pp.,  8vo.  (1905.)  8s.  6d.  net. 
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Central   Station    Heating.     By  B.  T.    Gifford.      37  illus., 

208  pp.,  8vo,  leather.     (New  York,  1912.)     175.  net. 
Charts  for  Low  Pressure  Steam  Heating.   By  J.  H.  Kinealy. 

Small  folio.     (New  York.)     45.  6d. 
Formula?   and   Tables   for   Heating.     By   J.    H.   Kinealy. 

18  illus.,  53  pp.,  8vo.     (New  York,  1899.)     35.  6d. 
Centrifugal  Fans.     By  J.  H.  Kinealy.     33  illus.,   206  pp., 

fcap.  8vo,  leather.     (New  York,  1905.)     i2s.  6d.  net. 
Mechanical  Draft.     By  J.  H.  Kinealy.     27  original  tables 

and   13  plates,   142  pp.,   crown  8vo.     (New   York,   1906.) 

8s.  6d.  net. 
Steam  and  Hot  Water  Heating.     By  H.  C.  Lincoln.     103 

illus.,  160  pp.,  8vo.     (New  York,  1912.)     ^.  net. 
Theory  and  Practice  of  Centrifugal  Ventilating  Machines. 

By  D.  Murgue.     7  illus.,  81  pp.,  8vo.     (1883.)     55. 
Mechanics    of    Ventilation.     By    G.    W.    Rafter.     Second 

edition,  143  pp.,  i8mo,  boards.     (New  York,  1896.)     2s.  net. 
Principles  of  Heating.     By  W.  G.  Snow.     New  edition,  59 

illus.,  xii  +  224  pp.,  8vo.     (New  York,  1912.)     95.  net. 
Furnace   Heating.     By  W.    G.    Snow.     Fourth  edition,   52 

illus.,  216  pp.,  8vo.     (New  York,  1909.)     6s.  6d.  net. 
Ventilation  of  Buildings.     By  W.  G.  Snow  and  T.  Nolan. 

83  pp.,   i8mo,   boards.     (New   York,   1906.)     2s.  net. 
Heating  Engineers'  Quantities.     By  W.  L.  White  and  G.  M. 

WThite.     4  plates,  33  pp.,  folio.     (1910.)     los.  6d.  net. 

WATER    SUPPLY 

(See  also  Hydraulics) 

Potable  .Water  and  Methods  of  Testing  Impurities.  By 
M.  N.  Baker.  97  pp.,  i8mo,  boards.  (New  York,  1905.) 
2s.  net. 

Manual  of  Hydrology.  By  N.  Beardmore.  New  impres- 
sion, 18  plates,  384  pp.,  8vo.  (1906.)  105.  6d.  net. 

Boiler  Waters,  Scale,  Corrosion  and  Fouling.  By  W.  W. 
Christie.  77  illus.,  235  pp.,  8vo.  (New  York,  1907.) 
I2s.  6d.  net. 

Bacteriology  of  Surface  Waters  in  the  Tropics.  By  W.  W. 
Clemesha.  12  tables,  viii  4-  161  pp.,  8vo.  (Calcutta, 
1912.)  js.6d.  net. 
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Water  Softening  and  Purification.     By  H.  Collet.     Second 

edition,  6  illus.,  170  pp.,  crown  8vo.     (1908.)     55.  net. 
Treatise  on  Water  Supply,  Drainage  and  Sanitary  Appliances 

of    Residences.      By  F.   Golyer.      100    pp.,   crown    8vo. 

(1899.)     is.  6d.  net. 
Purification  of  Public  Water   Supplies.     By  J.   W.   Hill. 

314  pp.,  8vo.     (New  York,  1898.)     IDS.  6d.       .    ; 
Well  Boring  for  Water,  Brine  and  Oil.     By  C.  Isler.     Second 

edition,  105  illus.,  296  pp.,  8vo.     (1911.)     IDS.  6d.  net. 
Method  of  Measuring  Liquids  Flowing  through  Pipes  by 

means  of  Meters  of  Small  Calibre.     By  Prof.  G.  Lange. 

i  plate,  16  pp.,  8vo,  sewed.     (1907.)     6d.  net. 
On  Artificial   Underground   Water.     By   G.   Richert.     16 

illus.,  33  pp.,  8vo,  sewed.     (1900.)     is.  6d,  net. 
Notes  on  Water  Supply  in  new  Countries.     By  F.  W.  Stone. 

18  plates,  42  pp.,  crown  8vo.     (1888.)     55. 
The  Principles  of  Waterworks  Engineering.     By  J.  H.  T. 

Tudsbery  and  A.  W.   Brightmore.    Third  edition,   13 

folding  plates,  130  illus.,  447  pp.,  demy  8vo.     (1905.)     £i  is. 

net. 

WORKSHOP    PRACTICE 

For  Art  Workers  and  Mechanics 

A  Handbook  for  Apprenticed  Machinists.     By  O.  J.  Beale. 

Second  edition,  89  illus.,  141  pp.,  i6mo.     (New  York,  1901.) 
2S,  6d.  net. 

Practice  of  Hand  Turning.     By  F.  Campin.     Third  edition, 
99  illus.,  307  pp.,  crown  8vo.     (1883.)     35.  6d. 

Artistic  Leather  Work.    By  E.  Ellin  Carter.     6  plates  and 
21  illus.,  xii  +  51  pp.,  crown  8vo.     (1912.)     2s.  6d.  net. 

Calculation  of  Change  Wheels  for  Screw  Cutting  on  Lathes. 

By  D.  de  Vries.     46  illus.,  83  pp.,  8vo.     (1908.)     35.  net. 

Milling  Machines  and  Milling  Practice.     By  D.  de  Vries. 

536  illus.,  464  pp.,  medium  8vo.     (1910.)     145.  net. 
French-Polishers'  Manual.     By  a  French-Polisher.     New 

impression,  31  pp.,  royal  32mo,  sewed.     (1912.)     6d.  net. 
Art  of  Copper -Smithing.     By  J.  Fuller.     Fourth  edition, 

483  illus.,  319  pp.,  royal  Svo.     (New  York,  1911.)     125.  6d. 

net. 


44    E.    &    F.    N.    SPON,    LTD.,    57,    HAYMARKET,    LONDON,    S.W. 


Hand  Forging  and  Wrought  Iron  Ornamental  Ironwork. 
By  T.  F.  Googerty.  122  illus.,  197  pp.,  crown  8vo.  (New 
York,  1912.)  45.  6d.  net. 

Saw  Filing  and  Management  of  Saws.     By  R.  Grimshaw. 

New  edition,  81  illus.,  i6mo.     (New  York,  1906.)     45.  6d.  net. 
Paint  and  Colour  Mixing.     By  A.   S.  Jennings.     Fourth 

edition,  14   coloured  plates,    190   pp.,  8vo.      (1910.)      55. 

net. 

The  Mechanician  :  a  Treatise  on  the  Construction  and  Mani- 
pulation of  Tools.  By  C.  Knight.  Fifth  edition,  96 

plates,  397  pp.,  4to.     (1897.)     i8s. 
Turner's  and  Fitter's  Pocket  Book.    By  J.  La  Nicca.    i8mo, 

sewed.     6d. 
Tables  for  Engineers  and  Mechanics,  giving  the  values  of  the 

different  trains  of  wheels  required  to  produce  Screws  of  any 

pitch.     By   Lord   Lindsay.     Second   edition,    royal   8vo, 

oblong.     2s. 
Screw -cutting  Tables.    By  W.  A.  Martin.     Seventh  edition, 

royal  8vo,  oblong.     15.  net. 
Metal  Plate  Work,  its  Patterns  and  their  Geometry,  for  the 

use  of  Tin,  Iron  and  Zinc  Plate  Workers.     By  C.  T.  Millis. 

Fourth  edition,  New  impression,  280  diagrams,  xvi  +  456 

pp.,  crown  8vo.     (1912.)     95. 

The  Practical  Handbook  of  Smithing  and  Forging.  Engin- 
eers' and  General  Smiths'  Work.  By  T.  Moore.  New 

impression,  401  illus.,  248  pp.,  crown  8vo.     (1912.)     5$.  net. 
Modern  Machine  Shop  Construction,  equipment  and  man- 
agement.    By  O.  E.  Perrigo.     208  illus.,  343  pp.,  crown 

4to.     (New  York,  1906.)     fi  is.  net. 
Turner's   Handbook  on    Screw -cutting,    Coning,    etc.     By 

W.  Price.     New  impression,  56  pp.,  fcap.  8vo.     (1912.)    6d. 

net. 
Introduction    to    Eccentric    Spiral    Turning.     By    H.    C. 

Robinson.     12    plates,    23    illus.,    48    pp.,    8vo.     (1906.) 

45.  6d.  net. 
Manual  of  Instruction  in  Hard  Soldering.     By  H.  Rowell. 

Sixth  edition,  7  illus.,  66pp.,  crown  8vo.     (New  York,  1910.) 

35.  net. 
Forging,  Stamping,  and  General  Smithing.     By  B.  Saun- 

ders.    728  illus.,  ix  +  428  pp.,  demy  8vo,    (1912.)     £i  is. 

net. 
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Pocket  Book  on  Boilermaking,  Shipbuilding,  and  the  Steel 

and  Iron  Trades  in  General.  By  M.  J.  Sexton.  Sixth 
edition,  new  impression,  85  illus.,  319  pp.,  royal  32mo,  roan, 
gilt  edges.  (1912.)  5s.  net. 

Power  and  its  Transmission.  A  Practical  Handbook  for  the 
Factory  and  Works  Manager.  By  T.  A.  Smith.  76  pp., 
fcap.  8vo.  (1910.)  2s.  net. 

Spons'  Mechanics'  Own  Book  :    A  Manual  for  Handicrafts- 
men and  Amateurs.     Sixth  edition,  New  impression,  1,430 
illus.,  720  pp.,  demy  8vo.     (1912.)     6s. 
Ditto  ditto  half  French  morocco,  75.  6d. 

Spons*  Workshop  Receipts  for  Manufacturers,  Mechanics 
and  Scientific  Amateurs.     New  and  thoroughly  revised 
edition,  crown  8vo.     (1909.)     35.  each  net. 
Vol.      I.    ACETYLENE  LIGHTING  to  DRYING.     223  illus., 

532  pp. 

Vol.     II.     DYEING  to  JAPANNING.     259  illus.,  540  pp. 

Vol.  III.     JOINTING  PIPES  to  PUMPS.     257  illus.,  528  pp. 

Vol.  IV.     RAINWATER    SEPARATORS    to    WIRE    ROPES. 
321  illus.,  540  pp. 

Gauges  at  a  Glance.  By  T.  Taylor.  Second  edition,  post 
8vo,  oblong,  with  tape  converter.  (1900.)  5$.  net. 

Simple  Soldering,  both  Hard  and  Soft.     By  E.  Thatcher. 

52  illus.,  76  pp.,  crown  8vo.  (S.  &  C.  Series,  No.  18.) 
(New  York,  1910.)  is.  6d.  net. 

The  Modern  Machinist.  By  J.  T.  Usher.  Fifth  edition, 
257  illus.,  322  pp.,  8vo.  (New  York,  1904.)  los.  6d.  net. 

Knots,  Splices,  and  Rope-Work.     By  A.  H.  Verrill.     148 

illus.,  102  pp.,  I2mo.     (New  York,  1912.)     35.  net. 

Practical  Wood  Carving.  By  C.  J.  Woodsend.  108  illus., 
86  pp.,  8vo.  (New  York,  1897.)  45.  6d.  net. 

American  Tool  Making  and  Interchangeable  Manufacturing. 
By  J.  W.  Wood  worth.  600  illus.,  544  pp.,  demy  8vo. 
(New  York,  1905.)  175.  net. 
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USEFUL    TABLES 

See  also  CURVE  TABLES,  EARTHWORK,  FOREIGN  EXCHANGE, 
INTEREST  TABLES,  LOGARITHMS,  AND  METRIC  TABLES. 

Weights  and  Measurements  of  Sheet  Lead.  By  J.  Alex- 
ander. 32mo,  roan.  is.  6d.  net. 

Barlow's  Tables  of  Squares,  Cubes,  Square  Roots,  Cube  Roots 
and  Reciprocals,  of  all  Integer  Numbers  from  i  to  10,000. 
200  pp.,  crown  8vo,  leather  cloth.  45.  net. 

Tables  of  Squares.  Of  every  foot,  inch  and  ^  of  an  inch  from 
^  of  an  inch  to  50  feet.  By  E.  E.  Buchanan.  Eleventh 
edition,  102  pp.,  i6mo.  4$.  6d.  net. 

Land  Area  Tables.  By  W.  Codd.  On  sheet  mounted  on  linen, 
in  cloth  case  with  explanatory  pamphlet.  35.  6d. 

Tables  of  some  of  the  Principal  Speeds  occurring  in  Mechani- 
cal Engineering,  expressed  in  Metres  per  second.  By  K. 
Keerayeff.  i8mo,  sewed.  6d.  net. 

Calculating  Scale.  A  Substitute  for  the  Slide  Rule.  By  W. 
Knowles.  Crown  8vo,  leather,  is.  net. 

Planimeter  Areas.  Multipliers  for  various  scales.  By  H.  B. 
Molesworth.  Folding  sheet  in  cloth  case.  is.  net. 

Tables    of    Seamless    Copper    Tubes.     By    I.     O'Toole. 

69  pp.,  oblong  fcap.  8vo.     35.  6d.  net. 
Steel  Bar  and  Plate  Tables.     Giving  Weight  per  Lineal  Foot 

of  all  sizes  of  L  and  T  Bars,  Flat  Bars,  Plates,  Square,  and 

Round  Bars.     By  E.  Read.     On  large  folding  card.     is. 

net. 
Rownson's  Iron  Merchants'  Tables  and  Memoranda.     Weight 

and  Measures.     86  pp.,  32mo,  leather.     35.  6d. 

Spons'  Tables  and  Memoranda  for  Engineers.  By  J.  T. 
Hurst,  C.E.  Twelfth  edition,  278  pp.,  641110,  roan,  gilt 
edges.  (1907.)  is.  net. 

Ditto  ditto  in  celluloid  case,  is.  6d.  net. 

Optical  Tables  and  Data,  for  the  use  of  Opticians.     By  Prof. 

S.  P.  Thompson.     Second  edition,  130  pp.,  oblong  8vo. 

(19Q7.)     6s.  net. 
Traverse  Table,  showing  Latitudes  and  Departure  for  each 

Quarter  degree  of  the  Quadrant,  and  for  distances  from  I  to 

100,  etc.     i8mo,  boards.     2s.  net. 
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Fifty -four  Hours'  Wages  Calculator.     By  H.  N.  Whitelaw. 

Second  edition,  79  pp.,  8vo.     2s.  6d.  net. 

Wheel  Gearing.  Tables  of  Pitch  Line  Diameters,  etc.  By  A. 
Wildgoose  and  A.  J.  Orr.  175  pp.,  fcap.  32mo.  2S. 
net. 

MISCELLANEOUS 

The  Atmosphere  :  Its  Characteristics  and  Dynamics.  By 
F.  J.  B.  Cordeiro.  35  illus.,  129  pp.,  crown  4to.  (New 
York,  1910.)  los.  6d.  net. 

Popular  Engineering.  By  F.  Dye.  704  illus.,  477  pp.,  crown 
4to.  (1895.)  55.  net. 

The  Phonograph,  and  how  to  construct  it.     By  W.  Gillett. 

6  folding  plates,  87  pp.,  crown  8vo.     (1892.)     55. 

Engineering  Law.  By  A.  Haring.  Demy  8vo,  cloth.  (New 
York.) 

Vol.    I.     THE    LAW   OF    CONTRACT.     518   pp.      (1911.) 
175.  net. 

The  Gyroscope,  an  Experimental  Study.  By  V.  E.  John- 
son. 34  illus.,  40  pp.,  crown  8vo.  (S.  &  S.  SERIES,  No. 
22.)  (1911.)  is.  6d.  net'. 

Particulars  of  Dry  Docks,  Wet  Docks,  Wharves,  etc.,  on  the 
River  Thames.  By  C.  H.  Jordan.  Second  edition,  7 
coloured  charts,  103  pp.,  oblong  8vo.  (1904.)  2s.  6d. 
net. 

New  Theories  in  Astronomy.  By  W.  Stirling.  335  pp., 
demy  8vo.  (1906.)  8s.  6d.  net. 

The  American  Hardware  Store.  A  Manual  of  approved 
methods  of  arranging  and  displaying  hardware.  By 
R.  R.  Williams.  500  illus.,  448  pp.,  royal  8vo.  (New 
York,  1896.)  ys.  6d.  net. 

Inventions,  How  to  Protect,  Sell  and  Buy  Them.  By  F. 
Wright.  118  pp.,  crown  8vo.  (S.  &  C.  SERIES,  No.  10.) 
(New  York,  1908.)  is.  6d.  net. 
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The  Journal  of  the  Iron  and  Steel  Institute. 

Edited  by  G.  C.  LLOYD,  Secretary. 

Published  Half-yearly,  8vo.     i6s.  net. 


Carnegie  Scholarship  Memoirs. 

Published  Annually,  8vo.     i6s.  net. 


The  Journal  of  the  Institution  of  Electrical 
Engineers. 

Edited  by  P.  F.  ROWELL,  Secretary. 


The  Proceedings  of  the  Institution  of  Municipal 
and  County  Engineers. 

Edited  by  THOMAS  COLE,  Assoc.M.Inst.C.E.  Secretary. 

Published  Annually,  8vo.     2is.  net. 


The  Transactions  of  the  Institution  of  Mining 
and  Metallurgy. 

Edited  by  C.  McDERMiD,  Secretary. 
Published  Annually,  boards,  2 is.  net,  or  half-bound,  255.  net. 


Transactions  of  the  Institution  of  Gas 
Engineers. 

Edited  by  WALTER  T.  DUNN,  Secretary. 

Published  Annually,  8vo.     IQS.  6d.  net. 


Proceedings  of  the  International  Association 
for  Testing  Materials. 

(English  Edition.) 


Transactions  of  the  American  Institute  of 
Chemical  Engineers. 

Published  Annually,  8vo.     305.  net. 


Printed  by  BUTLER  &  TANNER,  Frame  and  London. 


Useful  Books  for  Gas  Engineers 


A  POCKET-BOOK  FOR  CHEMISTS,  Chemical  Manufacturers,  Metal- 
lurgists, Dyers,  Distillers,  Brewers,  Sugar  Refiners,  Photographers, 
Students,  etc.,  etc.  By  THOMAS  BAYLEY,  Assoc.  R.C.Sc.  Ireland, 
Analytical  and  Consulting  Chemist,  Demonstrator  of  Practical 
Chemistry,  Analysis,  and  Assaying,  in  the  Mining  School,  Bristol. 
Seventh  edition,  revised  and  enlarged,  559  pages,  royal  32mo,  roan, 
gilt  edges.  (1905.)  5s.  net. 

Mathematical  — Atomic  Weights,  etc.— Weights  and  Measures --Thermometry  — 
Barometry— Specific  Gravity,  Hydrometry,  and  Specific  Gravity  of  Solutions— Complete 
Table  of  Melting  and  Boiling  Points,  Solubility,  etc.,  of  Substances— Eudiometry— 
General  Analysis— Volumetric  Analysis— Water  Analysis— Gas  Analysis— Assaying- 
Alcohol— Beer— Sugar— Physical  Data— Technical  Data— Photography— Index. 

THE   GAS   ANALYSTS'  MANUAL.      By  JACQUES  ABADY,  M.I.Mech.E. 

(Incorporating  Hartley's  '  Gas  Analyst's  Manual '  and  '  Gas  Measure- 
ment ').  102  illustrations,  576  pages,  demy  8vo,  cloth.  (1902.) 
18s.  net. 

•  Photometry — The  Table  Photometer  and  Photometer  .Room — Standards  of  Light — 
Calorimetry  and  Specific  Gravity,  with  a  Note  on  Mond  Gas— The  Referee's  Test  for 
Sulphur  and  Ammonia  in  Gas— Coal  Testing— Testing  Enrichment  and  Purification 
Materials— Purity  Tests  for  Gas  in  Various  Stages  of  Manufacture— Testing  By-Products 
—Technical  Gas  Analysis— Meter  Testing  Apparatus— Meter  and  Governor  Testing- 
Appendices— Tables— Index. 

"  This  manual  is  doubtless  the  most  complete  treatise  in  the  English  language  on 
testing  illuminating  gas."— ENGINEERING  NEWS. 

GAS  WORKS,  their  Arrangement,  Construction,  Plant  and  Machinery. 
By  FEEDERICK  COLYEB,  M.Inst.C.E.,  M.I.Mech.E.,  Civil  Engineer. 
With  31  folding  plates,  134  pages,  8vo,  cloth.  (1884.)  8s.  6d.  net. 

A  COMPARISON  OF  THE  ENGLISH  AND  FRENCH  METHODS  OF 
ASCERTAINING  THE  ILLUMINATING  POWER  OF  COAL  GAS. 

By  A.  J.  VAN  EIJNDHOVEN,  Technical  Engineer,  Chief  Chemist  and 
Gas  Examiner  to  the  Imperial  Continental  Gas  Assoc.  at  Amsterdam. 
Illustrated.  Crown  8vo,  cloth.  (1897.)  4s. 

Some  remarks  on  methods  in  which  experiments  are  made— Table  showing  results  of 
all  the  experiments  taken— Comparative  Table  of  the  English  and  French  Standards- 
Notification  of  the  Gas  Referees— Instruction  pratique  donnant  la  marche  k  suivre  pour 
les  experiences  relatives. 

INTERNATIONAL  COMMITTEE  ON  PHOTOMETRY  appointed  by  the 
International  Gas  Congress  in  1900.  Translation  of  the  Eeport  of  the 
Transactions,  and  of  the  Minutes  of  the  Meetings  of  the  First  Session 
at  Zurich  in  June  1903.  Published  under  the  supervision  of  the 
Societe  Technique  de  1'Industrie  du  Gaz  en  France  and  the  Institu- 
tion of  Gas  Engineers,  London.  With  9  diagrams,  74  pages,  8vo, 
sewed.  (1907.)  2s.  6d.  net. 

TRANSACTIONS    OF    THE     INSTITUTION     OF    GAS    ENGINEERS. 

Edited  by  WALTER  T.  DUNN,  Secretary.  Published  annually.  8vo, 
cloth,  10s.  &d.  net. 

E.  &  F.  N.  SPON,  Ltd.,  57  Haymarket,  London 
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